REAL-TIME MANAGEMENT CONTROL IN A LARGE SCALE MAN. 
MACHINE SYSTEM 
By D. G. Malcolm 


INDUSTRIAL ENGINEERING AND MATHEMATICS AT THE DEPART- 
MENT HEAD LEVEI 
By Melvin R. Witmer 


ELEVENTH ANNUAL NATIONAL CONFERENCE ANNOUNCEMENT 


THE MANAGEMENT, ENGINEERING, AND SCIENTIFIC FUNCTIONS 
By Harold O. Davidson 


FOWARD A THEORY OF SCHEDULING 
By Alan J. Rowe 


PRESIDENT’S MESSAGI 
By Frank J. Johnson 


PROFESSIONAL RELATIONS 
RECENT READABLES 
INSTITUTE INTERESTS 

I. E. OPPORTUNITIES 


ATITE MEMBERSHIP ROSTER 


INDUSTRIAL 
ENGINEERING 


MARCH-APRIL 1960 


VOLUME XI NUMBER 2 


OFFICIAL PUBLICATION OF THE AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS, INC. 





AMERICAN INSTITUTE OF 
INDUSTRIAL ENGINEERS, INC. 


NATIONAL OFFICERS, 1959-1960 
President 


FRANK J. JOHNSON 
63 Wellesley Drive, N.W 


gia 
First Vice Preadent 


J Ac K | JERICHO 
United Ais 


ReaIon | 
WituiAM J. VALLETT! 
CBS } s 


Danve Massachusetts 


Reaton II 
Leroy O. GILLETTE 
1829 Rockford Lane 
Lancaster, Pe 

Recion III 
Caries G. H 
Ame ‘ Viscose ( 


neylvar 
OWAT 
Nitr 
Reaion IV 
Joun A. NATTRESS 

P. O. Box 2177 

Gaines ' t 
Recion V 

James A. RicHarpso> 


185 Shirew d Drive 

Rochester 10, New York 
Reaction VI 

WituiAM N. Bryan 

614 Chippewa Drive 

Jeffersonville, Indiar 
Reaon VII 

Joun L. IMuoFt 

University of Arkansas 

Fayetteville, Arkansas 
Reoaion VIII 

ArTHUR EI. ARONSO> 

4. B.D 

Chicago 48, Ilinois 
Recion IX 

ArtTHuUR L. ZieceLM! 

2900 Gardenia Drive 

Fort Worth 19, Texas 
Reaion X 

Car F. Kaiser 

18961 Fernbrook Cour 


Saratoga, California 


West Virginia 


k Company 


ea ré 
tALPH W. Uppecrart 
4424 Seventh Street, S. W 
Canton 10, Ohio 
Krecutive Secretary 
Fioyp J. TrrTLer 
AIIE National Headquarter 
145 North High Street 
Columbus 15, Ohio 
Board Membe rs-at-Large 
WarreN E. ALBERTS 
United Air Lines 
Chicago 38, Ilinois 
James D. NorDaut 
P. O. Box 71 


Livermore, California 


Avex W. Ratu 
165 Westchester Avenue 
Thornwood, New York 


Rosert H. Roy 
The Johns Hopkins Univer 
Baltimore 18, Marylan 


Past Presidents 
Georce H. Gustar (11 
Gorpon B. Carson (10 
Howarp P. EMerson (9 
FE. L. Stacie (8 
D. G. MaAtcoto (7) 
I’. F. Groseciose (6 
M.A. PayNe (5 
Joun D. CotemMan (4 
Ropert FE. ALLEN (3 
Dwicut D. GARDNER (2 
Expon D. Raney (1 


<DITORIAL STAFF 
Editor-in-Chief F. F. Grosec.ose, Chairman 


VWonograph Editor 


Institute Interests Editor 


Editorial Assistant 


Business Manager 


‘irculation Manager 


INDUSTRIAL 
ENGINEERING 


OFFICIAL PUBLICATION OF THE AMERICAN 
INSTITUTE OF INDUSTRIAL ENGINEERS, INC. 


Published Bi-monthly ¢ AILE Headquarters and Publication Offices, 145 
North High Street, Columbus 15, Ohio ¢ Editorial Office—A. French Build- 
ing, 225 North Avenue, N.W., Atlanta 13, Georgia 


EDITORIAL BOARD 


T Ce £ s Tec , 
JopERT N. LEHRER ieorgia Institute of Technology 


The Technological Institute 
Northwestern University 


JoHN M. ALLDERIGE 
Cornell University 


Editon WILson J. BENTLEY 


CerciL G Jou NSON Oklahoma State University 


Georgia Institute of Technology DANIEL J. DuFFy 
Polytechnic Institute of Brooklyn 


ROBERT M. EASTMAN 
Harop QO. Davipson Tiiessiier olf Wiis 
Operations Research, In : 
; ‘ HERBERT J. GROELINGER 
Svstem Development Corporation 


NELS .. ROGERS ‘ 
NELSON K. Rocer M. D. Kiisringe 


Pan-Atlantic Steamship Corporation University of Chicago 


Re ceé nt Readables Editor ALAN J. LEVY 


J. K. Lecieuv Management Consultant 


Ethyl Corporatior : 
. A = DonaLp G. MALcoL 


System Development Corporation 
Emma B. DONNELLY 
Journal of Industrial Engineering 


WituiaM T. Morris 
Ohio State University 


Rosert H. Roy 
Jack R. WALKER The Johns Hopkins University 
Georgia Institute of Technology M. E. SALVESON 

Center for Advanced Management 
Tee H. Hert AuSsTIN WESTON 


Georgia Institute of Technology Times-Mirror Press 





ght 1960 by It Americar 
the Editorial Offices 


Subscription Prices: $10.00 


Single Issue Price Ninth 


All Manuseripts for 
Editor Chief. flour: 
Atlanta 13, Georgia. 

Advertising Rates ble 1 litorial Office. Send coy 
t r A. French B ling, 225 th Avenue, N.W Atlant 
Membership Information availab re AIIE Headquarters 
Change of Address notification st be submitted t ALIE 


is | Oot 


eA 





Real-Time Management Control in a Large 
Scale Man-Machine System 


by D. G. MALCOLM 


Director, Operations and Management Research, System Development Corporation 


Mi ayy writers have described the era of “information 


technology” our society is now entering as one wherein 


the capability to formulate decision criteria precisely and 


to process information electronically will create markedly 
new patterns in management. Prognostications include a 
trend toward recentralization of many management func- 
tions, toward semi-automated management and toward 
an organizational philosophy formed around the precise 
information and communication needs of the activity. 
This chapter explores how far we have come in learn- 
ing to “design” 


optimum controls, and 


presents the thesis that the prototypes of integrated and 


management 


automated management functions are perhaps first being 
experienced in the current development of such real-time 
military control systems as SAGE and SACCS. A study of 
approaches and solutions to the design problems of these 
military systems offers some valuable parallels to the de- 
sign problems in business management controls. In the 
following pages, some of the problems that faced the de- 
signers of the SAGE system will be examined, along with 
some of the solutions now embodied in the system. Fi- 
nally, a plan to bring experience in military control sys- 
tems to bear on research at SDC in business management 
control systems will be discussed. 

However, before turning to this task, it is necessary 
to establish some points of reference in regard to cur- 
rent uses of electronic computers in the management do- 
main. 


USES OF ELECTRONIC COMPUTERS 

In the rush to apply computers to the automation of 
existing information systems, the task of redesigning : 
given system so as to be consistent with an integrated 
total company information-communication need is gener- 
ally not undertaken. Rather, an application is made in 
one component of the organization with little more atten- 
tion given to the total company system than beyond a 
compatibility check. While this approach may be justi- 
fied on grounds that improvements of this size and scope 
must start modestly and build gradually and surely, there 


* Based upon a presentation to the Management Control Sys- 
tems Symposium, July 28-31, 1959, System Development Corpo- 
(To be published by John 
as a chapter of a book on management 
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is a growing recognition of some of the suboptimal re- 
sults that can occur. Thus, electronic computers are not 
being used in ways that tap even one-tenth of their ulti- 
mate potential in the management process—particularly 
in industry. The situation will become a matter of greater 
concern to the users of computers as the nature of this 
potential and the means of achieving it become better 
recognized. In short, the situation will appear to get 
worse before effective long range programs are designed 
and under way. 

An examination of the four niajor uses of computers in 
the management process will help to elaborate on the 
foregoing statement. 

The major uses of computers are: 

1. As a data-processing tool in the automation of the informa- 

tion, communication, reporting and control systems. 

2. As a design tool in problem solving in the research and 
design of management control systems, in policy determina- 
tion, and in planning studies. 

3. As a training tool in presenting training exercises. 

. As a controlling device, in decision making—an “on-line” 
controlling device. 


For the purpose of this discussion, a management con- 
trol system is detined as a set of policies, procedures, and 
information processing, which is designed to give direc- 
tion to activities by clearly establishing goals, by meas- 
uring progress toward these goals and by indicating or 
initiating corrective action. Over the years, management 
has developed several approaches for providing control. 
Typical methods have included organization, planning, 
scheduling, inventory, quality, cost and manpower con- 
trols. It is significant to note that each of these is a 
component or function of the establishment and that the 
concept of integrated total system control still remains 
virtually unexploited. 


A DATA-PROCESSING TOOL 


Since the first installation of a large scale electronic 
computer strictly for business use in 1954, at General 
Electric in Louisville, there has been a mushroom-like 
growth in the application of computers to the routine 
automation of existing information, communication, per- 
sonnel and data reporting systems, such as payroll, in- 
ventory position and control, production release and in- 
voicing systems. Of the over 650 million dollars of com- 
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puters installed by mid-1959 and the 600 million dollars 
worth of equipment on order, it has been estimated that up 
to 90 percent of machine time will be used for applications 
in these areas. 

It should be pointed out that most of the systems be- 
ing automated are not evaluated for the purpose of deter- 
mining whether or not they best perform the function for 
which they were initially designed. The majority of such 
computer installations are undertaken for the purpose of 
reducing time in report preparation or in an attempt to 
effect clerical savings. 


A DESIGN TOOL 


The computer is being used increasingly as the vehicle 
for research in the design of management control sys- 
tems and for policy determination. Another important 
use is In operations research.studies where complex an- 
alyses can only be performed efficiently and in a timely 
manner on the computer. These studies can, therefore, be 
categorized into two broad approaches—complete an- 
alytical formulation of a complex problem, and computer 
simulations to solve problems experimentally. 

Analytical formulations of problems using approaches 
such as linear programming have in many cases been built 
into the on-going control of operations. In a like manner, 
the simulation approach has been useful as indicated by 
the considerable number of projects undertaken in sys- 
tems design and evaluation, systems research, and plan- 
ning and training (4). The use of analyses of this type 
will be necessary for on-line management controls to 
provide the predictive capabilities desired by manage- 
ment. 


4 TRAINING TOOL 


There is a growing utilization of computers in the area 
of education and training. Simulation exercises are prov- 
ing to be a most effective way of posing realistic, fast 
reacting system problems to business students, managers 
and executives. The “automated case history” approach 
provides the immediacy and realism needed to obtain 
real involvement and motivation on the part of the 
trainee. It is evident that system training in large, new 
systems will necessitate appropriate computer simula- 
tion training exercises in order to assure effective intro- 
duction of these systems. 


4 CONTROLLING DEVICE 


At present, only exploratory work is under way in us- 
ing the computer directly in management decision mak- 
ing. In this category of usage the computer may be 
viewed as an “on-line” or “in-line” controller—operating 
on the information received concerning sales, production, 
changes in environment, ete., to make decisions on per- 
sonnel requirements, schedules for production, inventory 
pricing, etc., on an up-to-date basis. Such usage, to be 
effective, involves having adequate decision-making cri- 
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teria in a computer model of the company. The challenge 
facing the would-be designer of a truly integrated on-line 
control system is: 
1. To utilize the computer and associated input-output equip- 
ment as an on-line device 
To make the computer an effective instrument for experi- 
menting with and evaluating the effectiveness of proposed 
changes in policies, procedures and plans 


The only significant strides currently being made are 
in some of the components and functions of the business. 


REAL-TIME CONTROL, REAL-TIME COMMUNICATION 
AND REAL-TIME INFORMATION SYSTEMS 

In using a computer as an integral on-line controlling 
device, the “real-time control, communication and in- 
formation system” has evolved as a system design con- 
cept. By this is meant that the information is transmitted 
instantaneously, without conversion, into a centralized 
computer which processes it, compares it with predeter- 
mined decision criteria and issues instructions to men 
and/or machines for corrective or purposeful action. This 
may be thought of as “real-time control.” Further, the 
computer by means of direct outputs informs affected 
parties of this information as it is developed. This is 
“real-time communication.” Lastly, suitable condensa- 
tions of the above information are prepared, transmitted 
and displayed to higher levels of management for 
broader system decisions. This is “real-time management 
information.” 

The meaning of the word “real-time” lies in the fact 
that information is used as it develops and that elements 
in the system are controlled by the processed informa- 
tion immediately, not after the fact or by making 
periodic forecasts of the expected future state of the sys- 
tem. The best known examples of systems of this type are 
currently to be found in the military. It is in these appli- 
cations that we may find some guidance in the way of 
design approaches that may be useful in evolving better 
on-line management control systems. 


MILITARY OPERATING AND COMMAND CONTROL 
SYSTEMS 

In recent years the application of electronic computers 
to military operating and command control systems has 
proceeded at an increasing rate. In the Air Force these 
are referred to as electronic support systems. As an in- 
dication of the extent of interest in such systems, the 
Air Force is currently spending more than a billion dol- 
lars per year on them. However, this expenditure includes 
equipment in addition to the computers. In many of 
these systems, the computer complex is the central nerv- 
ous system which processes, integrates and analyzes the 
various information inputs, makes and communicates 
appropriate decisions, and develops the display informa- 
tion required by the ultimate human decision makers. A 
few examples of such centralized, real-time, computer- 
controlled systems are: 
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1. SACCS (Strategic Air Command Control System)—a sys- 
tem which is designed to keep the SAC Commander con- 
tinuously posted on the up-to-the-minute status of every 
SAC bomber and missile. There are 


management 


several echelons of 
control to be tied together in this system, in- 
volving a network of computers for information and control 
purposes 


SAGE 


nental air command and warning system. SAGE is a system 


Semi-Automatic Ground Environment)—a_ conti- 


designed to maintain a complete, up-to-date picture of the 
air and ground situation in the Continental United States 
and other parts of North America, to control modern ait 


defense we apons rapidly and accurately, and to present ap- 


propriately filtered pictures of the air and weapons situ- 


Fores personnel who conduct the air battle 


Several similar contro] systems such as one for process- 
ing intelligence information and one for weather in- 
formation are under development 


SAGE—A DESCRIPTION OF ITS FUNCTION 


l 


From the preceding discussion it is evident that real- 
time control systems differ significantly from current 
business and logistic management control systems. To 
better illustrate the nature and scope of such real-time 
activity, a brief description of the SAGE system may 
prove useful 

The semi-Automatie Ground (SAGE) 
system is a vast interconnected network of air defense 


Environment 


direction centers which receive information from many 
sources, information rapidly on AN/FSQ-7 


display pertinent 


process the 


Military Computers information to 


human decision makers and generate battle orders to jet 
interceptors and other weapons in the air defense system. 
SAGE centralizes the air defense system for the handli 
of information and direction of weapons 


o 
1g 


The air defense system requires monitoring of all air- 
craft flights in the United States and around its perime- 


| 


ter to determine whether the 


aircraft are friendly or 
hostile. Since there are close to 50,000 scheduled flights 
in the United States every day (and many more that are 
not scheduled), it is nece ssary that SAGE operate on the 
“exception princi} le The approach is to keep track of 
flights until they can be identified by several means, then 
reject further consideration 


AIR DEFENSE REQUIREMENTS 


What are the management-like system requirements 
for integrated control of weapons defending a country 
from airborne attack? The various weapons and input 
sources involved are operated by the three military 
services; they are developed and improved by many dif- 
ferent companies. As a result, control information re- 
quirements are diverse and non-standardized. The general 
requirements for an air defense control system may be 
stated approximately as follows 


? Acknowledgment is made to R. C. Hopkins for his assistance 
in preparation of this material. A more detailed 
many points contained herein is found in (1 


dis ussion of 
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. Provide positive recognition of an air attack. 
Provide up-to-the-minute status of defense capability. 
Be capable of issuing immediate defense instructions. 
Be operable immediately upon installation, at high efficiency. 
Operate on a continuous basis with high reliability. 
6. Be adaptable to a growing air defense capability. 


A brief discussion of each of these points will bring out 
some of the problems faced by the system designers and 
implementers. 


Provide Positive Recognition of an Air Attack 


In order to recognize an air attack and its changing 
character during a battle, the following system capabili- 
ties are required: 


1. Surveillance of the airspace in which air flights of hostile 
intent may occur. Detection of all aircraft movement. 
Monitoring of all flights which enter, or could enter the air 
space. This means most of the flights in the country. 
Identification of all flights monitored by matching and 
correlating with flight plans or other identifying information. 
When necessary, initiate direct means of identification by 
Air Force aircraft. 

Communicate and coordinate information on a country-wide 
basis, with emphasis on adjoining areas and the next higher 
headquarters. This description of the air situation is neces- 
sary to determine whether an attack is present or imminent 


Provide Up-to-the-Minute Status of Defense Capability 
To perform this function, the system must: 


1. Keep all echelons informed as to the status of all the various 
weapons available. 
Provide all echelons information on the immediate situ- 
ation, both as to individual weapons and to the air and 
battle situation. This information must be suitably filtered, 
summarized and communicated for higher echelons. 
Provide display and/or built-in decision-making means to 
permit rapid and accurate evaluation of alternatives in al- 
location, assignment and commitment of weapons. 


Issue Immediate and Appropriate Defense Instructions 


In order to provide immediate response and to effect 
control, the system must: 


1. Disseminate decisions and orders without delay to those 
who will take the necessary action. 
Direct, using rapid communication media, the various 
weapons to specific targets and control each to the degree 
required by the weapon design. 
Display the defense-in-action on suitable consoles for manage- 
ment decision making 
Coordinate among all operating personnel, the various 
echelons, the military services and civilian agencies involved. 
Human factors must be taken into account in the entire 
operation. 


Be Operable, as a Man-Machine System, at High Effi- 
ciency, Immediately 


The system must function effectively the first time an 
attack occurs and under conditions of high turnover of 
diversely skilled personnel. A means for the following 
must be provided: 


1. Continual training of personnel in individual and team skills. 
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2. Operate the system with simulated inputs to obtain experi- 
ence in operation during an attack. A high degree of realism 
is necessary to properly exercise the system and bring it to 
a high level of preparedness 


Be Operable with High Reliability on a Continuous Basis 


To operate continuously, a high order of reliability and 
maintainability is required. This involves a set of dupli- 
cate computers as well as duplicates of other equipment 
and alternate communication lines. This factor accounts 
for a large portion of the expense of the system. 


Be Adaptable to Growing Air Defense Weapons Capabil- 


uly 


In order for the system to grow and adapt to ever 
changing weapons technology, the system must have the 
following attributes: 

1. The computer program must be modified to integrate new 
weapons that are continually being added to the defense 
This necessitates the use of a general purpose, internally 
programmed, large storage capacity computer 
‘hanges in existing weapons, their contro] apparatus, et« 
must be handled without undue delay and rearrangement of 
the whole system 
As a corollary to this, new characterization of attack con- 
figurations must be able to be added to the system. 


THE SAGE SYSTEM 


How were the complex and diverse requirements for an 
integrated air defense control system met? As one might 
expect from his experience in the automation of a portion 
of a business enterprise, the techniques and procedures 
in use which were developed over a long period of ex- 
perience were not scrapped, but rather consideration of 
their automation was used as a starting point in the de- 
sign of the new system. In all, development of the system 
involved the cooperation of thousands of individuals and 
the combined efforts of a large number of scientific, busi- 
ness and military organizations. 

In order to meet the requirements listed, provision had 
to be made for the automation or semi-automation of the 
following: 


1. Collection of information and data and elimination of noise 


SAGE 
AIR DEFENSE SYSTEM 














Fic. 1. Map Showing Air Defense Sectors. 
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Fic. 2. SAGE Operations Inputs 


therefrom 
Sorting, correlating and further processing of the informa- 
tion 
Generation of displays to permit human monitoring, deci- 
sion making and intervention 
Displays must include a presentation of the air situation 
and be kept current 
Means for identifying individual aircraft in the air situ- 
ation 
Filtered and summarized displays to permit high echelons 
to make general decisions about the situation 
Transmission of information and data to all points where it 
is needed 

8. Means for deciding about the use of weapons and for direc- 
ing them against the attack 

9. Means for computing control information and transmitting 
it to the various weapons 

10. Means for system training 


These many functions point up the size of the task and 
the need for a uniform description of the system design. 
SAGE was therefore designed as a network of intercon- 
nected direction centers as shown in Figure 1. Here are 
shown 26 SAGE Sectors organized into 7 SAGE Di- 
visions. There is a direction center in each sector which 
receives information and data from many sources in its 
area—from radars about present positions of aircraft, 
from air traffic control centers about flight plans, from 
weapons bases about weapons status, etc. The direction 
center’s data and information sources are shown in Fig- 


ure 2. At each division level there is a combat center 


which has essentially the same functions and equipment 
as the direction center. 


At each direction center, the man-machine operation 
is conducted in four principal places. These are, the 
Manual Data Input Room where information arriving by 
telephone or teletype is entered into the computer, an Air 
Surveillance Section where the machine make-up of the 
air situation is monitored and assisted, an Identification 
Section where the aircraft “tracks” shown in the air 
situation are identified by matching them with known 
flight plans and other known or requested information, 
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and a Weapons Direction Section where the individual 
interceptions of hostile aircraft are directed and moni- 
tored. In all, over 100 display consoles and some 65 mili- 
tary and civilian contractor personnel work in a SAGE 
Direction Center. 
The network of long range and gap-filling radars 
which formed the basis of our air defense system before 
and during the development of SAGE are now connected 
to their direction center by means of automated digital 
data links. Similar links connect adjacent direction cen- 
ters for the “cross-telling’”’ of pertinent radar and other 
data. Real-time data on present aircraft positions are 
also relayed from “manual” direction centers (areas where 
SAGE is not operational) and from extensions to the 
radar net on ships and aircraft which range outward from 
our perimeter by telephone and teletype. This informa- 


tion is inserted into the computer by card punch entry 


equipment in the manual data room. Other information, 
entered in a like manner, are civil and military flight 
plans, weather information and weapons status, although 
some of the latter is by automatic data link direct to the 
computer input system, as is the radar and cross-tell 
data. Extensive voice communications are also available. 

The direction center transmits output data by an auto- 
matic digital data link directly from the computer output 
system to certain weapons, to adjacent direction centers, 
to combat centers (higher headquarters), and to radar 
sites for requesting height information. Information is 
also fed automatically from the computer to teletype cir- 
cuits to certain weapons systems, to adjacent manual 
direction centers, to higher headquarters, ete. Associated 
with one of the direction centers in each SAGE Division 
is a Combat Center where the next higher echelon or 
organization operates with filtered and summarized data 
from the direction centers under its command. 


A REVIEW OF SAGER DESIGN FEATURES 


The Direction Center is the smallest self-sufficient 
component in the SAGE system. The Direction Center is 
a man-machine data processing and on-line control com- 
plex, at the heart of which is a pair of large, high-speed, 
general purpose digital computers generally referred to as 
the Q-7 Military Computer. Associated with the com- 
puters are the necessary input and output systems and 
other auxiliary equipment. Two computers are “duplex” 
to provide the necessary reliability and maintainability. 
If one computer should fail the second can take over 
immediately. The magnitude of the SAGE task may be 
best realized perhaps by the fact that the operating com- 
puter program, which has to be designed to include every 
function of air defense in which the computer is involved, 
consists of approximately 100,000 individual instructions 
and that these programs, together with programs in- 
volved in system training and in the production of the 
programs themselves, involve on the order of a half-mil- 
lion instructions. 
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In Figure 3 the system design of SAGE is depicted in 
block form. Here the manner in which the human and 
automated decision-making activities are made, the 
closed loop feedback of control and monitoring informa- 
tion, and the central role of the computer are illustrated. 
Features of the SAGE system design include: 


On-Line Control Features 


1. Automated and semi-automated real-time assemblage of in- 
formation from many sources. 

2. High-speed communication of assembled information to the 
computer through input systems that provide for some 
monitoring and noise elimination, for sorting, temporary 
storage, and buffering between real-time and computer 
processing cycles. 

3. Use of the above-mentioned automatic transmittal features 
for communication with many and various types of agencies 
and equipments including weapons systems, individual weap- 
ons, other computers, higher headquarters, height finders 
(requests for inputs), etc. 


Decision-Making Features 


1. Use of an on-line, man-computer, sample-data system for 
control purposes. 
Use of an extensive, multi-informational, dynamic display 
system to permit human monitoring, intervention and deci- 
sion making. 
Use of on-line, low-level decision making by the computer. 
Automatic display in real-time of decision alternatives by 
the computer. 
Man assistance of and intervention in machine information 
processing by real-time monitoring. 


Display Features 
1. Use of approximately 4000 data selection buttons, 130 action 
buttons, and 64 light guns for direct communication between 
the operators and the computer. 
Provision for Simulation 
1. Built-in simulation and recording equipment and program- 
ming for system training. 
Error Correction Features 


1. Use of duplicate equipments and self-diagnostic and self- 
error-detecting maintenance procedures to achieve very high 
reliability in operation 


Fic. 3. Conceptual System Design of SAGE. 
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Data Processing Features 


1. Use of a general purpose information processing and com- 
puting device with large and readily available information 
storage capacity and with very high speed computing ca- 
pability 
Automatic real-time transmittal of control and other op- 
erational information in digital form through a versatile out- 
put system that sorts information according to destination 
and acts as a buffer between computing cycles and trans- 
mitting equipment 
Use of a large integrated computer program of some 100,000 

instructions which includes and ties together 100 subprograms 

und handles thousands of types and varieties of information, 
controls the sequence of operations of all subsystems, per- 
forms all information handling and computing tasks, and 
assists in evaluation of alternatives and in decision making 


A comparison of the SAGE computer itself with some 
of the modern scientific commercially available com- 
puters may be of interest. The SAGE computer was de- 
signed in the period 1951 to 1954. Since the computer is 
produced by the International Business Machines Com- 
pany who, together with Massachusetts Institute of Tech- 
nology’s Lincoln Laboratory, also created the design, it 
is most appropriate to make a few simple comparisons 
with the latest of IBM’s computers. Table 1 compares 
the SAGE computer (two of which are in each direction 
center) with the IBM 704, 709, 7090, and the Q-7A em- 
ployed in the combat center 
APPLICATION OF SAGE EXPERIENCE TO THE DESIGN 
OF MANAGEMENT CONTROL SYSTEMS 

The SAGE experiences can be appraised from several 
standpoints. The hardware, the air defense characteris- 


tics, and the computer programming, are a few. The pur- 


pose here is to explore the experience from the point of 
view of the manager who must initiate effective pro- 
grams, provide sufficient resources and develop a proper 
organization for the system. The following may offer 
guidance to managers who desire to develop a real-time 
management control system. 


SYSTEMS ANALYSIS APPROACH 


In reviewing the development of SAGE one is im- 
pressed, first, with the fact that several years were taken 
in its design. Further, as has been pointed out, in design- 
ing a system of this magnitude the primary focus was 
on determining precise system requirements. Thus, in 
many respects SAGE has evolved from answering the 
question, “What must we have in the way of a system?” 
to asking “What can we do to improve or automate exist- 
ing practices?”. As we look over the current process of 
creating new management control systems in either the 
military or in industry, it becomes obvious that the latter 
approach is often the easiest to justify and has therefore 
been the traditional route. 

The design process stemming from asking the former 
question, which in essence becomes “What is the best sys- 
tem?”, is often called the systems analysis or systems en- 
gineering approach to the problem. Thus, one principle in 
creating a new system involves a careful look at the re- 
quirements of the system via the systems engineering ap- 
proach. A list of steps involved in this approach follows: 


Establish criteria for management information needs 


1. Determine current information, decision, display, and report 
practices, using a graphical flow form 


TABLE 1 


Comparison of Computer ( ‘haractertstics 


AN /FSQ-7 


{ cteristics 
— SAGE Computer 


Word Length (Bits 32 


Min. Computation Cycle (u sees 


Max. Random Access 
Storage Capacity (Bits 


Random Access 
Storage Time (x secs 


Max. Drum Storage 
Capacity (Bits 


Total Maximum 
Internal Storage (Bits 


Max. Number of Tape Units 6 
Card Readers or Entry Punches } 
Output Printers l 
Live Input-Output Features Yes 


Tubes (Approx.) 58 ,000 


108 The Journal of Industrial Engineering 


IBM 704 


1,179,648 


294 ,912 294 ,912 


>, 993 , 816 1,474,560 1,474,560 


5,000 


AN/FSQ7A 


3M 709 " 
BM Improved SAGE 


IBM 7090 


36 36 18 


4 


1,179,648 3,952,160 


12 


None 3,369 ,344 


1,179,648 , 301 , 504 
10 48 64 16 
l 3 8 Each 1 
] 3 s l 

Not Included in Design Yes 


10 ,000 (Transistorized) 


(Transistorized) 


Volume Xi - No. 2 





Make preliminary system design 


1. Develop a preliminary statement of system requirements, i.e 
specify reporting frequencies, types and routing of reports, 
ty pe of equipments, displays, ete 

2. Determine what to automate or computer program and what 
to leave as currently performed 


Evaluate 


pre lim inury de sign 


1. Determine hardware cost, training implications 

2. Assess the nature of the improvement to be gained 

Develop a revised model of the proposed system 
1. Test 


2. Use of an approach involving simulation or gaming to obtain 


design using the systems analysis approach 
the participation of the ultimate users 


De ve lop system spe cifications 


1. Install, de-bug, modify, extend the system 


SYSTEMS TRAINING APPROACH 


In providing a’ major resynthesis such as the SAGE 
system, it has been found necessary to train people in the 
new methodology. Training in SAGE involves elaborate 
computer simulations of a predicted attack environment. 
This requirement represents a new concept to the man- 
agement world. Basically, the justification for elaborate 
training stems from the fact that there is no other way 
to adequately prepare people for the acts that they would 
have to perform under a real attack situation. 

An important additional value in this approach is the 
proficiency obtained by operating the system as a whole, 
involving the communications and interrelations of many 
people and machines 


The proficiency of individuals, 


then, is properly judged by measures in the total system 


context. One would not want to, for example, emphasize 
performance at one part in the system that would act to 
the detriment of the total system. To adequately demon- 
state proper performance in such a broad system, a com- 
prehensive means of training using simulated exercises 
has been provided. In short, one wants to train each per- 
son to act in an optimal way from the total system point 
of view. Thus whether the environment is real or hypo- 
thetical (as in SAGE) is not the only factor in determin- 
ing the need for simulation in training. 

Thus, if a drastically new concept of management con- 
trol is to be developed, it appears quite likely that the 
installation time, the acceptance, and therefore even the 
ultimate efficiency attainable by the system, will be con- 
siderably enhanced by appropriately designed simulation 
exercises along with proper criteria for meas ring indi- 


vidual performance in relation to total system per- 


formance. 
ORGANIZATIONAL DYNAMICS 


In the design and implementation of SAGE, the ability 
to centralize many activities has been made possible. As 
the Air Foree perceived the comprehensive changes in 
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the Air Defense Command structure required to support 
these concepts, it organized the air defense function more 
centrally, using the control system as the guiding struc- 
ture. Further, in developing the over-all SAGE system 
itself, it was found necessary to create a proper man- 
agement organization to guide the process of design and 
implementation. The concept of a system manager, or 
ESSPO (Electronic Support Systems Project Office), has 
come into being with the mission to properly manage 
the joint efforts of system analysis, system design, com- 
puter manufacturer, computér programming, and system 
training activities. 

While the following is a very broad generalization, it 
would appear the quickest route to effective development 
of a truly integrated management control system in- 
volves proper points-of-view on the part of management 
in regard to the possible effects on organization; that is, 
the possibility of recentralization and elimination of cer- 
tain functions must be within the system designer’s scope. 
In addition, it appears necessary that the organization to 
perform the system analysis must have proper organiza- 
tional status itself and that top management plan for 
the necessary lead time for this activity. While quite evi- 
dent, the thought should be emphasized that top manage- 
ment support and participation is vital in order to ob- 
tain results. 


ADVANCES IN MANAGEMENT TECHNIQUES 
On-Line Control—A Technical Achievement 


The SAGE system has proven that an on-line, direct 
read-in read-out, integrated computer operation is pos- 
sible. This is an important technical achievement that 
can have significant implications in the management con- 
trols area. The feasibility of utilizing this feature can 
best be determined by a systems analysis bringing out 
the cost and effectiveness of the application. 


Management-By-Exception® 


The large data processing capacity available in SAGE 
made possible a centralized operation with large masses 
of data carefully sorted by built-in criteria. The outputs 
presented to the decision maker are only the exceptions 
requiring attention. This feature could be extended in 
current management control systems on a centralized 
basis. 


Interrogation, or Fast-Simulation Possibilities 


The ability for the human monitor to ask the com- 
puter certain questions like “what would happen if I is- 
sued this order?” has been also demonstrated on SAGE. 
This interrogation feature, utilizing “fast-simulation,” 


* Examples of this feature are found in certain military manage- 
ment controls. For example, the PERT system in the Navy Polaris 
program permits all of the planned activities in that program to 
be monitored centrally by the exception principle (3). 
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requires the building of analytic models for desired pre- 
dictive purposes. Using appropriate models, this capa- 
bility can be applied in an on-line basis in management 
control systems. 


PRECISE FORMULATION OF OBJECTIVES FOR COMPUTER PRO- 
GRAMMING 


In utilizing computer-based systems it has become 
quite evident that there is need for precise formulation 
of what’s to be done by the computer program and pre- 
cise, as well as concise, computer programming languages. 
In this regard considerable activity is required; first, to 
develop precise statements of objectives, translate them 
into appropriate analytic models of the problem and 
thence into operational instructions, for the computer 
programming task; secondly, to recognize and participate 
in the development of appropriate computer languages to 
facilitate the large labor involved in computer program- 
ming and; thirdly, to develop and test adequate decision- 
making criteria required in the formulation of those func- 
tions to be automated. This field of computer program- 
ming development requires considerable augmenting in 
building total system management controls. 

To perform the computer programming task—perhaps 
the most complex, difficult and time consuming task, has 
been the increasing refinement and coverage expected of 
SAGE as new weapons are added. The computer pro- 
gram must be comprehensive enough to handle a wide 
variety of possible situations and must include precise 
rules (or formulae) for handling these situations. Speci- 
fying these rules—making certain they are the right 
ones, are efficient, ete.—is a task referred to as formula- 
tion. Once the situation to be controlled is recognized and 
the rules are determined, the task of designing the pro- 
gram can be done. 

The point of these remarks is to stress the need for 
continued research in the area of computer programming 
techniques in view of the fact that it is a very rapidly 
changing technology. It appears likely that any approach 
to systems design will involve a team of many skills, 
including engineers, mathematicians, psychologists, stat- 
isticians, computer specialists, management and system 
specialists. 


BUSINESS MANAGEMENT CONTROL SYSTEMS RESEARCH 
The remarks of Leavitt and Whisler in their provoca- 
tive article, “Management in the 1980's,” are appropriate 
at this point (2). Perhaps the way of Management Con- 
trol Evolution may be epitomized by their observation 
concerning the growing “information technology”: 

... the upshot of Taylorism (Scientific Management, Industrial 
Engineering Approaches) seems to have been the separating of 
the hourly worker from the rest of the organization, and the 
acceptance by both management and the worker of the idea that 
the worker need not plan and create. Whether it is psychologically 
or socially justifiable or not, his creativity and ingenuity are left 
largely to be acted out off the job in his home or his community 
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One reason, then, that we can expect top acceptance of informa- 
tion technology (automatic decision making in effect) is its im- 
plicit promise to allow the top to control the middle just as 
Taylorism allowed the middle to control the bottom. 


It has not been the purpose of this discussion to assert 
positively that the approach in military real-time con- 
trol systems, which has been quite effective in the mili- 
tary application, is either necessary or practical cost-wise 
in the management control domain. While the concept 
appears quite promising, these are questions that can 
only be resolved by further study. The possibility of 
developing a comprehensive, integrated, total company 
on-line controlling concept is worth serious study. If the 
lead time can be reduced in arriving at the desiderata of 
truly designed information-communication systems, a 
significant contribution to the management field would 
be made. 

To explore the nature of the research, a project in 
Business Management Control Systems Research has 
been established. This research project is aimed at de- 
veloping a generalized computer model of a business, one 
which will permit experimentation with certain policies, 
procedures and organization (5). Hopefully, this research 
will lead to some answers to questions concerning cost 
and effectiveness of various management control system 
approaches. The results may some day permit us to truly 
design management control systems that are more nearly 
optimum from all points of view. 
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Industrial Engineering and Mathematics 
at the Department Head Level 


by MELVIN R. WITMER?’ 


Industrial Engineering Division, Eastman Kodak Company 


Van Ross is plant manager. His plant manufactures 
casings. Smith is department head. His department pack- 
ages casings. Van Ross is talking to Smith on the tele- 
phone. 

Van Ross 
for March. 

Smith—Um. 

Van Ross—What goes with your direct packaging 
labor? You’re 10% over standards this past month! 

Smith 


Smith, I have your labor analysis sheets 


Overtime. We had some bad days and had to 
work a couple of Saturdays. 
Van Ross 
notch again. 
Smith—More downtime. You know we can’t afford to 
let our packaging machines sit idle. The investment is 


What about maintenance? It’s up another 


too great. We had to get another mechanic. 

Van Ross—This looks like your month, Smith. You 
scored 100%. You’re up in your inspection costs too. Did 
you get another inspector? 

Smith—Had to. Those tighter specifications you sent 
down are giving us more rejected work than we figured 
on. 

Van Ross 
Our costs are going up each month 

Smith—Um. 


Van Ross 


Look, Smith, this spiral has got to stop. 


Let’s keep them in line. Looks bad at the 
home office when our costs are continually over last 
month’s figures. 

Smith—Um. 

The case of “Van Ross and Smith versus Spiralling 
Costs”’ is common. For some years now, adequate meth- 
ods have existed for controlling direct labor costs—at 
least Van Ross knows that Smith is “10% over” in di- 
rect costs. But Van Ross does not know where Smith 
stands on maintenance or inspection costs. All that Van 
Ross knows is that indirect costs in these two areas are 
going up. 

Smith’s problem is aggravated by the fact that his in- 
direct costs are becoming a bigger and bigger part of 
total product cost. Smith, and many of Smith’s counter- 


* Based upon a presentation to the Rochester Chapter, Ameri- 
can Institute of Industrial Engineers, February 1, 1959 

* The writer expresses his appreciation to Edward J. Carstens, 
Gordon L. Fiske, Elmer W. Same, Jr., and Daniel E. Suter for 
their kind assistance in the work reported and in the preparation 
of this article 
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parts all across industry, need better methods for con- 
trolling indirect costs. This section proposes a method 
for establishing maintenance labor and inspection labor 
standards. 


THE MAINTENANCE PROBLEM E 
Smith may have been wrong in one thing he told Ins 
boss. Smith’s comment, “. . . we can’t afford to let our 
packaging machines sit idle 

error. 

When a group of mechanics service a battery of auto- 
matic machines which have random breakdowns, there 
are generally two extremes in cost. One extreme is to 
have too much downtime as a result of not having enough 
mechanics. (This is what Smith wanted to avoid at all 
costs.) The other extreme is to have too many mechanics. 
The costs of these extremes are shown in Figure 1. 

Cost of mechanics is proportional to the number of 
mechanics in the group. Downtime costs decrease as 
mechanics are added to the group. The more mechanics, 
the less the machines have to wait for service. Adding 
these two costs gives the total cost curve. The minimum 
point indicates the optimum balance between excessive 
downtime costs and excessive maintenance costs. 

Smith’s department may have been operating at the 
minimum point. But chances are, it was not. 

Let us take a look at Smith’s problem and find the 
answer he should have given Van Ross on maintenance. 

Smith’s packaging department packages about 7 thou- 
sand casings-in-a four week period. To do this, Smith has 
20 automatic machines. One operator runs two machines. 
Machines have breakdowns at random intervals and re- 


”, may have been in 


Optimum 
Point 


Maintenance 


rn Labor Cost 


Downtime Cost 


Total Cost 








i ak 





Number of Mechanics 


—$——— 


Fic. 1. Effect of Mechanics on Cost. 
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S) 


Number of Mechanic 


WN } 


Results for 20 Machines: Average Machine Run Time 
versus Number of Maintenance Mechanics. 


quire the service of a mechanic. When mechanics are not 
there 
is no fill-in work. Smith had 6 mechanies, and last month 


needed on the machines, they are non-productive 


added a seventh to further minimize the time his ma- 
chines were down waiting for a mechanic. Did Smith 
make the right decision? 

Before this question can be answered, we need an- 
swers to the following questions: 

1. What are the total costs using 7 mechanics? 


2. What would the costs be if Smith had 8 mechanics? 6 


mechanics? 5? 4? 3? 2? 


What are total costs now? Analysis of historical data 
shows that the present variable unit cost, with 20 ma- 
chines and 7 mechanics is $4/1000 units. 

What would the total costs be if Smith had 8 me- 
chanics, etc.? The answer to this question involves the 
use of “waiting line” equations or simulation to estimate 
the amount of run time which could be expected if there 
were more or less than 7 mechanics. 

Developing the answer mathematically or by simula- 
tion is generally more practical and faster than making 
actual changes in the labor force and later observing his- 
torical data. 


Total Unit Cost 





Optimum Point 
V 


1 1 L 


i i 1 





2 3 4 5 6 7 8 
Number of Mechanics per Shift 
Fig. 3. Variable Cost for 20 Machines: Cost versus Mechanics for 
a 4 Week Pequirement of 7,000 casings 
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The results from the use of the waiting line equations 
show that for each different assignment of mechanics 
to machines, a value of average run time can be pre- 
dicted. These results are shown in Figure 2. 

As one would expect, average run time increases with 
an increase in the number of mechanics in the group. 

Graphing the results of cost calculations for various 
numbers of mechanics shows the relationship between 
cost and mechanics, Figure 3. 

Now, Smith’s decision to add another mechanic can 
be evaluated. Minimum total cost occurs with 5 me- 
chanics servicing 20 machines. Smith’s drive to “keep the 
machines running” caused him to overlook the cost of 
idle maintenance labor. Balancing both the cost of ma- 
chine idle time and the cost of mechanic idle time will 
help Smith reduce maintenance costs. 

Results such as those in Figure 3 indicate the direction 


fariable 


tal 





Capacity in Thousand 


Fic. 4. The Maintenance Model: Total Cost versus Capacity 


for Smith to be headed. But, let’s be practical. Smith's 
schedule is not constant. What about the months when 
the schedule calls for 5 thousand casings or 8 thousand 
casings instead of the average of 7 thousand? 

For periods of low schedules, Smith’s recourse in the 
past has been to cut back the number of machines op- 
erating. But what happens to the maintenance crew if 
only 16 or 18 machines are scheduled? 

In the same manner that unit costs were determined 
for combinations of 20 machines and 3 through 8 me- 
chanics, they can be determined for groups of 16, 18 and 
even 22 machines. For each assumed situation, the 
average run time is determined from waiting line equa- 
tions, unit costs determined, and capacity calculated. The 
results are shown in Figure 4. 

Smith now has a useful tool. It can be used in day to 
day scheduling, in establishing maintenance labor stand- 
ards, and in making decisions on new equipment. 

Scheduling—Given a month’s or week’s schedule, 
Smith can plan to use the combination of machines, op- 
erators, and mechanics which will yield minimum cost. 

Maintenance Labor Standard—For a week’s schedule 
of 2 thousand casings, Smith can expect to use 600 total 
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Previous Quality Limit 3% 


New Quality Limit 2% 
Defective 


Defective 


Labor Required 
per year 
Labor Cost 
per year 


25,000 hours 47 ,900 hours 


$100 ,000 $192 ,000 


Fic. 5. Comparison of Inspection Systems 


8 hours/shift < 3 shifts 
600 hours.) To this standard, he 
can compare the actual hours incurred. 


maintenance hours. (5 men 
day 5 days/week 
Deciding on additional equipment—Smith has a con- 
venient means for making a decision on purchasing addi- 
tional machines. The cost of expanding capacity by pur- 
chasing additional can be 


machines compared to the 


cost of expanding capacity by adding more mechanics. 


CONCLUSION 

Day by day and week to week decisions on the number 
of machines and operators to schedule and the amount of 
maintenance to provide are all based on minimum cost 
criteria. This is using results of mathematical techniques 
at the de partment head level. 


THE INSPECTION PROBLEM 

Smith was on the defensive on inspection costs. Last 
month Van Ross sent down tighter quality specifications. 
Smith thought he could live with them and did not plan 
for any additional labor 

Things are not working out that way. Smith is having 
more rejected work than he planned, has boosted his 
inspection labor, and is now being nailed from “the top” 
for letting his costs get out of hand 

Smith’s answer to this problem should have started 
last month—when the new specifications came through. 
At that time, Smith should have prepared a quantitative 
answer as to what the new specifications would mean 
in terms of labor. He would have been able to predict 
the recent upswing in labor requirements, and could have 
met any objections with cold, hard facts—such as those 
in Figure 5 

With the facts, 
the tighter specifications will cost. But this is not enough. 
What Smith 
actual improvement in quality will result. Let’s help 
Smith prepare an answer for Van 


Smith can show Van Ross how much 


should do is show Van Ross how much 
toss on this one. 

Smith’s packaging machines have averaged 1.3% de- 
fective over a long period of time. From week to week 
it may range from 14% defective to 5% defective. In 
the past, specifications on casings called for an outgoing 
quality limit of 3% defective. To meet this requirement, 
Smith was using a well-planned continuous sampling 
plan. There were four inspectors each shift. 

Now the quality limit on outgoing lots of casings is 


2% defective. Smith had new acceptance points de- 
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veloped for the continuous sampling plan so that the 
outgoing quality limit would be 2% defective. Smith 
was shown an operating characteristic (O.C.) curve for 
his new plan. (Things seem to be in order.) But at this 
point, Smith’s information stopped. Labor requirements 
were not predicted from the O.C. curve nor was an esti- 
mate made of the actual improvement in quality. Figure 
6 shows the information Smith should have received. 

With facts like these, Smith could have presented Van 
Ross with an analysis of what the cost increase and im- 
provement in quality would have been for tighter specifi- 
cations. If Van Ross still wanted to tighten specifications 
after seeing all the facts, he would have done so know- 
ing that next month Smith’s inspection labor would be 
increased, 


WHAT ABOUT AN INSPECTION LABOR STANDARD? 

The preceding analysis is fine for evaluating the effect 
of changing specifications. But what is Smith to do on a 
day to day or week to week basis? 

In Smith’s department inspection labor depends on 
the amount of production and the amount of rejected 
work which has to be sorted. The overall percentage of 
production which has to be inspected varies. Some weeks 
are good, some are bad. 

The tool that Smith needs is one which will allow him 
to set an inspection labor standard. Actual performance 
could then be compared to the standard. 

In Smith’s weekly quality reports he receives an esti- 
mate of average incoming percent defective and a report 
on total production. Using these two facts from his 
weekly reports, Smith can use the chart in Figure 7 to 
find the “standard” inspection hours for the past week. 
He can compare actual performance to this standard. 

In addition to enabling Smith to arrive at an inspec- 

Basis for Chart: 


1,000 Lots of 7,000 Casings per Lot Comino 
To The Inspection Pilar. 


Average of 1.3% 
Defective from Packaging 
Machines 


Average of 1.3% 
Defective from Packaging 
Machines 


A 91,000 Defects (1.3%) 
id 6,909,000 "Good" Casings |“ 
t 
Inspection Inspection 
Plan Plan 
for for 
3% Defective 2% Defective 
Outgoing Outgoing 
| Quality Limit Quality Limit 
t T 
12,541 Defects 
Removed by Inspection | 


68,065 Defects 
Shipped in a Total of 
6,977,065 Units (0.98% Def.) 





Present 


Proposed 
Specifications 


Specifications 





























22,935 Defects 
Removed by Inspection 


78,459 Defects 
Shipped in a Total of 
6,987,459 Units (1.12% Def.) 


Improvement in Quality: (1.30 - 1.12 = 0.18%) Improvement in Quality: (1.30 - 0.98 = 0.32%) 


Inspection Labor Cost: $7,668 Inspection Labor Cost: $14,780 


Cost per $7,668 — $0.61 


Cost per 
Defect Removed: 12,541 


Defect Removed: 


$14,780 — $0.65 
22,935 


Fic. 6. Comparison of Present and Proposed Inspectign Systems. 


113 








tion standard, the chart shows dramatically the ad- 
vantages of keeping the incoming percent defective low. 

From this chart, Smith can estimate how much en- 
gineering time can be spent on further improving the 
machines to improve quality. Smith is close to the ma- 
chines. He can take the initiative in planning quality im- 
provements. He knows how much he ean afford to spend 
on changes which will decrease the percent defective 
a significant amount. He may be able to shift the em- 
phasis from spending money to sort out defects to spend- 
ing effort to prevent them from being produced in the first 
place. 

This is Industrial Engineering and mathematics at the 
department head level. 

Van Ross has Smith on the telephone. 

Van Ross—Smith, I have your labor analysis sheets 
for June. 

Smith—Yes? 

Van Ross—What’s this “maintenance-standard-hours” 
figure? I didn’t know you had one. 

Smith—Our engineers have helped us set up a method 
of balancing downtime costs with maintenance costs. 
That standard is the amount of maintenance we should 
have used for our month’s production. We were over this 
month, but we know what happened, and by next month 
we should hit our standard. 

Van Ross—Balancing costs, eh? How did you do that? 

Smith—Well, you see, when you've got a situation like 
ours, you need to look at . 
systems are in and working. 

Van Ross 


and that’s about it, the 


Say, Smith, bring those maintenance and 


inspection charts along over to the office with you. I'd 
like to talk to you more about this. I think you have 
something the home office would want to know about. 


CONCLUSIONS 

With more refined techniques available for solving 
problems, there may be a tendency for Industrial En- 
gineers to become technique-oriented. But techniques 
to the department head are not important. The value of 
Industrial Engineers in the future, as it has in the past, 
depends on results, not techniques. 

Effort must be applied to insure that: 


LAS rh Raha ee 


ming r Cent 


"1c. 7. The Inspection Model: Inspection Labor versus Per Cent 
Defective at Different Weekly Production Levels 
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Results of mathematical or simulation solutions to industrial 
problems are practical. 

Results are in a form easy to use by production personnel. 

Results are permanent. Here are the results for today. Will they 
be useful tomorrow when our production rate goes up? When 
the new machines arrive? When the labor force gets a gen- 
eral rate increase? When quality specifications are changed? 


This is one of the challenges to the Industrial Engineer 
who applies mathematical solutions to industrial prob- 
lems. 


SECTION II 

This section presents two important points—one is the 
theory behind the models presented in the preceding 
section, the other is the problem of keéping these models 
up to date in the face of changing conditions. 

This latter point is real. Today, much of the effort of 
Industrial Engineers is spent on the maintenance of exist- 
ing standards. Changing conditions are just as much a 
threat to inventory models, maintenance models, inspec- 
tion models, and scheduling models. Changes should be 
expected and planned for in the model. 


THE INSPECTION PROBLEM 

Theoretical Considerations—The inspection model is 
an extension of sampling plan calculations. From the 
operating characteristic curve for each sampling plan, 
it is possible to predict the amount of work which will 
be accepted, retested and rejected. 

Figure 8 shows the incoming lots which Smith can ex- 
pect to accept, retest, and reject at certain defect levels. 
“Units inspected” is then translated into labor require- 
ments. This final step of including labor analyses based 
on statistical sampling plans is an important step to the 
department head using the plan. 

Keeping the Model Up to Date—Changes in defect 
levels of many operations occur frequently, particularly 
on a short term basis. It is often these occurrences of short 
term variations which cause a department head to ques- 
tion the adequacy of the statistical sampling plan. 

Relating labor requirements to changing defect levels 
and changing production levels gives the production de- 
partment head an understanding of causes behind fluctu- 
ating labor loads. 

The inspection model presented in the preceding sec- 
tion of this article can adapt to changes in production 
and defect levels. A change in quality specifications or a 
change in inspection methods would necessitate basic 
changes in the model. 


THE MAINTENANCE PROBLEM 

Theoretical Considerations—The maintenance model 
in the first section was developed from results of waiting 
line calculations made for different combinations of ma- 
chines and mechanics. Waiting line calculations were 
used to predict average run time for machines serviced 
by mechanics. 
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Basis for Chart: 


1000 lots, 7000 Casings per Lot 
Sample 125/lot 


Accept lot on 4 or less defects 
Retest lot on 5, 6, or 7 defects 
Reject lot on 8 or more defects 
Accept on 7 or less defects 
Reject on 8 or more defects 


Retest 300/lot 


Assumed incoming quality = 1.3% defective 


! SAMPLE 


% Defective Incoming No. of 


Quality Lots Accepted Retest 


0 300 300 0 
340 337 3 
210 187 2: 
90 62 
30 13 
10 3 
10 1 
‘ 0 
0 
0 


Totals 1000 903 


Total Inspected: Sample —1000 lots 125 =125,000 
Retest 73 x 300= 21,900 
Sort 24 < 7000 = 168 ,000 
Sort 44 < 6700 = 294 , 800 
Total 609 , 700 
609 ,700 
% Inspection = = 7% 
7,000 ,000 


Total Defects Present = 1.3% X7,000,000 =91,000 


Defects Removed: Initial Sample 
tetest 
Sort 


Sort-Retested lots 
Total 


Defects Sent Out =91 ,000 —22 ,935 =68 ,065 


3% X 125,000 = 


l 
3.2%X 21,90 = 700 
5 
3 





RETEST 
Accept Reject 
Retest | Retest Ace. Rej. 


| 


TOTAL 
Reject 
0 0 


0 | 0 
0 


WN Ow > > 


to 
— 


1,625 


6% X 168,000 = 9,408 
8% X 294 ,000 = 11,202 


22 ,935 


Fic. 8. Analysis of Inspection Plan. 


Before analytical equations could be used to calculate 
run time, data had to be tested to determine if frequency 
distributions of machine run time between service calls 
and mechanics’ service time per call followed the Pois- 
son-type distribution. However, if the distributions were 
not of the Poisson type, a simulation technique could be 
used. 

Whether a mathematical or a simulation model is used, 
the objective is the same: to estimate machine effective- 
ness. From this estimate of effectiveness, unit costs and 
monthly or weekly capacities can be calculated. 

Keeping the Model Up to Date—The maintenance 
model (Figure 4) that our department head, Smith, used, 
included one built-in 


“hedge’—a hedge against 


tematic changes in production 


SVS- 
Other changes which are likely to occur are: 


* Both waiting line theory and simulation are being used more 
and more by Industrial Engineers as an aid in quantifying prob- 
lems in areas other than machine maintenance. Some inventory 
type problems, for example, can be 
models 


quantified by waiting line 
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1. Changes in machine production rates. 
2. Changes in pay rates for operators and mechanics. 


These would be planned changes. Another change 
which would have a creeping effect would be a change in 
service requirements of the machines. This could evolve 
in several ways: machines getting older could gradually 
cause more maintenance, or as mechanics improve serv- 
ice time may decrease. 


PLANNING FOR THESE CHANGES 


The minimum point on each curve of the maintenance 
model of Figure 4 represents the optimum balance be- 
tween downtime costs and maintenance costs. 

Maintenance cost is the labor cost of mechanics. But 
what are downtime costs? When machines are down, the 
operator and machine are both idle, unable to produce. 
Machine cost is fixed, unless as a result of an extreme 
ammount of downtime more machines have to be pur- 
chased to build up capacity. In most cases, the variable 
downtime cost is the cost of having the operator idle. It 
is this operator cost which is the downtime cost in the 
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Fic. 9 Mechanics per 2 Machines versus Downtime per Machine 


maintenance model presented. Repeating, the minimum 
point on each curve represents the optimum amount of 
downtime for each machine or operator. 

What effect does an increase in machine speed have 
on total costs? If the annual requirement does not 
change, an increase in machine speed would indicate that 


machines could be related to the amount of downtime per 
machine, Figure 9. 

This relationship provided a means of stating the 
number of mechanics per 2 machines in terms of down- 
time. 

Mechanics 


. = 3.1 (downtime) *" 
2 machines 


Using the foregoing information an expression can be 
derived for total cost as a function of mechanics cost 
and downtime (operator labor) cost 


Total Variable Labor Unit Cost Per 1000 Units 


(Operation Cost) + (Maintenance Cost) 


(Total Production) 
1000 


On the basis of 2 machines scheduled for 100 actual 
hours, the cost relationship is: 


Operators’ Rate for Hours Out of 100 in Operators’ Rate Hours Out of 100 in 
Operation Cost = | ‘‘Machines Running’ | X | Which Either or + | When Neither of the | X | Which Both Machines 
Both Machines Run 


Average No. of 
Maintenance Cost = | Mechanic’s | X | 100 hours} X | Mechanics per 
tate 2 Machines 


Avg. Prod. Rate/Hour Hours Out of 100 
+ | When Only 1 Machine | X | That Only 1 Machine 
Runs tuns 


Condition 


Avg. Prod. Rate/Hr. Hours Out of 100 
Total Production = | When 2 Machines < | That 2 Machines 


Run {un 


since the machine can turn out more production per unit 
run time, it can afford to be down more of the time. 
Hence, the optimum balance may shift in favor of fewer 
mechanies, allowing machines to wait longer for the serv- 
ices of a mechanic. 

What effect does an increase in pay rate for operators 
have on total costs? An increase in operators’ pay means 
that downtime costs increase. The optimum balance may 
indicate more mechanics should be used to further re- 
duce time that machines have to wait for service. 

These changes did arise in Smith’s department. The 
question is, what model can be developed today that will 
be able to adapt to these changes? The following is the 
answer Smith received: 


BACKGROUND 


There are 20 machines in the department. Two ma- 
chines are set up in one battery. One operator runs 2 ma- 
chines. 

When any one of the machines is running, the operator 
is paid $R per hour. When both machines are down, the 
paid $D per hour. When both machines run 
at the same time, the production rate is P, units per 


operator i 


hour. When only 1 machine runs, the production rate 
is P,; units per hour. The mechanic is paid $M per hour. 
It was found that the number of mechanics per two 
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Machines Run are Down at Same time 


Total unit cost/1000 units 
Operator's rate when machines are running 
Operator's rate when machines are not running 
Mechaniec’s rate 
Average units produced per hour when only 1 
machine runs 
(Average units produced per hour when 2 ma- 
chines are running 
Hours of machine downtime out of 100 actual 
hours/ machine , 
100 —X =Amount of machine run time out of 100 actual 
hours 
X? Hours out of 100 that both machines will be 
100 down at the same time (approximation 
100—X)? Hours out of 100 that both machines will run at 
100 ~ the same time. 
Mechanics . 
=3.1 (Downtime)~*!? 


2 Machines 


Using the preceding symbols the cost relationship in 
terms of machine down time is: 


X? xX? 3. 
[ se (100 ) LgpD x ] 4 [«s VW )(100 ( . - )] 
100 100 X 412 


P, j“—* “| P, [ 100 (100 —X)? x? 
1000 100 1000 100 | 


$Y = 
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When the actual values for §R, $D, $M, P, and P. 
are put into the equations, total unit cost is related to 
downtime. Differentiation and solution of the equation 
will give the minimum cost and the optimum amount of 
downtime. This downtime can be translated into the op- 
timum number of mechanics per 2 machines, 

The ratio of mechanics per 2 machines is multiplied by 
the total pairs of machines to obtain the number of 
mechanics for all machines. 

Limitations—The equation can be used for determin- 
ing mechanic requireme¢ nts: 

1. As long as the total number of machines is between 10 and 

22 
As long as there is no significant shift from present main- 
tenance requirements 

Uses of the Equation—lf conditions on which the origi- 
nal maintenance chart was based do not change, the 


chart can be used as a tool in scheduling. However, if 


pay rate changes occur, or if 


machine productivity 
changes, these changes should be made in the equation 
and a new optimum determined. 

The change that is not covered in this equation is a 
shift in basic service requirements of the machines. The 
parameter used to describe service requirements is the 
ratio of average service time per call to average machine 
run time between service calls. This ratio is called the 


“service factor.”’ As machines get older, or as mechanics 


improve, this ratio may shift. The question is: how much 
ean it shift before the model should be up-dated? 

A general answer is not adequate The upper and lower 
limits have to be established for each problem. The way 
to arrive at an answer is to assume a 5% increase or de- 
crease in this value and test the effect of this difference. 
Similar tests can be made for shifts of 10% or 15%. In 
this manner, the critical point can be established. 

When the critical point is established a control chart 
technique 


(Figure 10) can be used to record weekly 


estimates of the service factor. In Smith’s department 


data are tabulated in a manner such that this ratio is de- 


termined efficiently 


Upper Critical Limit 





Service Factor—— 


Lower Critical Limit 


4 4 i 4 4 








Time in Weeks —> 


10. Control Chart on Service Factor. 


When the ratio has shifted beyond the critical point, 
the system should be re-evaluated in terms of the new 
service factor. 


SUMMARY 


Known changes can be incorporated in the proposed 
maintenance model so that “new” optimum operating 
crews can be calculated rapidly with little additional en- 
gineering effort. 

Creeping changes can be followed by plotting pertin- 
ent information on a control chart. When the system is 
“out of control” the model should be updated to include 
these changes, or perhaps steps should be taken to re- 
duce the service factor to its previous range. 


CONCLUSION 


The development of a good model, whether for main- 
tenance, inspection, scheduling or inventory, costs quite a 
few engineering dollars. 

Without thorough planning, the result is apt to be a 
static model in a dynamic situation. Benefits of this kind 
of model will obviously be short-lived. 

Engineers who develop models must keep next year’s 
changes in full view. Today’s model must be dynamic 
and fit tomorrow’s problems. 

This is another one of the challenges to the Industrial 
Engineer applying mathematical techniques. 
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The Management, Engineering, 
and Scientific Functions’ 


by HAROLD O. DAVIDSON 


Vice President, Industrial Engineering, Operations Research Incorporated 


JN SOMEWHAT less than two decades there has been 
phenomenal progress in the formulation and solution of 
mathematical problems that are analogical in useful ways 
to certain practical problems in the planning and direc- 
tion of human enterprises. “Linear Programming” and 
“Queueing Theory,” 
terms in the 


for example, are already familiar 
literature of Industrial Engineering. 
Familiarity with the techniques has also expanded as an 
increasing number of schools have brought them first into 
the graduate and then the undergraduate curricula, while 
older graduates have donned their skull caps again to 
keep sight of the expanding frontiers. Indeed, the In- 
dustrial Engineer must do this or be left in the backwash 
of progress as others take over the functions about which 
he has labored to build a profession. 

It requires no great insight to comprehend this chal- 
lenge for it has been at hand some years now in the 
“Operations Research” and “Management Science” 
movements. At the same time, it appears to me that 
these groups have been beset by internal confusions that 
have misguided many potentially productive efforts. I 
propose therefore that, irrespective of the names we use 
to identify our activities, there is a mutual challenge to 
all of us who are concerned with improving the technical 
knowledge and practice which supports the management 
planning and control functions. We need to approach this 
challenge in the spirit of an explorer, but also in the 
manner of a prudent one who keeps bearings on known 
landmarks. There have been earlier explorers and quite 
a few left their bones on the field. In fact, there have 
been organized parties in or near this field continuously 
for the past eighty years, and most of them perished. 

There are only a few survivors left of the “Scientific 
Management” party, which came upon hard times be- 
cause it understood too little of science. If misfortune 
comes upon the presently active “Management Science” 
group it will be, I predict, because it understood too little 
of management. Among some members of this group the 
“executive” has already slipped away into a dim abstrac- 


* Based upon a presentation to the Management Control Sys- 
tems Symposium, July 28-31, 1959, System Development Corpora- 
tion, Santa Monica, California. (To be published by John Wiley 
and Sons, Inc., as a chapter of a book on management control 
systems.) 
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tion—a little black box concept called “decision-maker.” 
They appear to be concerned with the development of 
“decision-models” that will make the little black boxes 
work better; or, in more general terms, with the replace- 
ment of a feeble subjective decision-making process with 
a scientific hypothesis-testing type of process. 

These explorers have already lost their bearings and 
we shall gain nothing by following them. To reach their 
position we must make the implicit assumption, which is 
both naive and conceitful, that the particular form of 
rationality that has proven effective in scientific endeavor 
is also the most appropriate for other human endeavors. 
Moreover, to account for the present state of affairs we 
would seem to need a further assumption that executives 
have not been sufficiently intelligent to appreciate this 
and must therefore be helped. 

I find it more plausible to consider that a considerable 
amount of superior intelligence has been at work in the 
executive function. Perhaps it is a different kind of intel- 
ligence than “scientific” intelligence, but I doubt this. It 
has, however, been directed to different purposes and it 
has, I am convinced, developed rational concepts of op- 
eration that are particularly effective for these purposes. 


SCIENTIFIC INQUIRY 

Thus, what executives want of science is not an in- 
struction in the virtues of scientific methodology but the 
applied results of scientific inquiry. To transfer this bene- 
fit an appreciation of the management function and its 
rationality is required. It is also necessary to restore 
discarded details in translating back from scientific gen- 
eralizations in order that they may have suitable corre- 
spondence to a specific reality. This is precisely the func- 
tion of engineering. To put it another way: the scientist 
who wants to be directly helpful to executives had better 
learn to “act like” an engineer. I use the phrase “act 
like” for the particular reason that it leads into the 
main line of my argument. 

It is elementary to suggest that inquiry into the nature 
of the management function begins properly with observ- 
ing the behavior of people who perform this function. If 
we also observe behavior in engineering and scientific 
activities and seek to identify the ways in which they 
differ, I believe we will be on the way to useful under- 
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standing. I propose that when we do this sort of thing we 
will find some of the commonly presumed characteristics 
to be useless as differentiating variables. The subjec- 
tivity-objectivity contrast that is sometimes supposed to 
exist between executives and scientists appears unsup- 
portable. Subjective judgments are found to be dominant 
in the creative phase of scientific activity. And if we dis- 
count the influence of exterior discipline imposed by in- 
ternational criticism of published work, it appears that 
scientists as a group are probably not more objective 
than executives. 


BEHAVIOR CHARACTERISTICS 

Some interesting and significant differentiations are 
possible, however, if we consider characteristics that I 
have called the “environment coupling of behavior” and 
the “time coupling” (see Figure 1). When we look at 
what a scientist does we find that the activity is directed 
toward abstraction from the specific environmental data 
of his research to the highest possible degree of gen- 
eralization; and so we would say that in science there is 
a low degree of environment coupling. The broader the 
generalization the greater its scientific importance will 
be, and the lower the environment coupling. We would 
find also that the connection of the scientist’s activities 
to deadlines is highly elastic. Perhaps the simplest defi- 
nition we can give of pure science (a partial one, of 
course) is: no deadlines. So we would characterize sci- 
entific activity in the lower left of the “coupling” space, 
showing it to be low in both environment coupling and 
time coupling 

If we then look at engineering activities we find a 
higher degree of environment coupling. An engineer is not 
interested in thermodynamic theory as an abstraction. 
He is concerned with its particularization to the design 
of a specific power plant at a specific site to meet a peak 
power demand of so many kilowatts. He is also time- 
coupled to a higher degree than the scientist. He must 
have his plans ready on a certain date to go out for bid. 
Within that period he has some flexibility in the use of 
his time from day to day, but he must schedule toward 
the deadline. 

The executive is highly environment coupled. He is 
concerned with influencing the crucial vote in his board 
of directors to win approval for investment in the new 
plant that his engineering staff is designing. In general, 
he takes the economic and physical particularizations 
worked out by his staff and to them adds the political, 
social, and individual specifics. He sets the engineer’s 
plans into the action context. His appointment calendar 
suggests the high time coupling of the management func- 
tion. 

The apparently high degree of correlation between en- 
vironment and time coupling suggests that there is a more 
fundamental connective idea which we have yet to ex- 


plore. We have adopted a behavioral approach to con- 
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Environment Coupling 








Time Coupling 
Fic. 1 


sideration of the management, engineering, and scientific 
functions; and have found that the behavior differs in 
observable ways. Under the premise that the behavior 
is rational in each instance we are led to the premise that 
the differences arise because of differences in the basic 
objectives of the behavior. In short, managers, engineers, 
and scientists behave differently because they are trying 
to do fundamentally different things. What are these 
objectives? 


THE FUNCTION OF SCIENCE 

I find a satisfactory answer for “science” by tracing 
the word back to its Latin root—scientia—knowing. It 
is interesting, I think, that this is the present participle 
rather than the noun. It is a simple, elegant statement 
of a noble objective. It seems shameful that it should 
have been contaminated by so much sloppy usage in 
recent years. (“Applied Science” sounds a bit vacuous if 
one translates to “Applied Knowing.”) 

There are, of course, some special requirements for 
knowing as science, as against knowing in the usual sense. 
I mentioned previously the importance of subjective 
judgment in science. The whole progress of science de- 
pends, in fact, upon the willingness of men with great 
insight to announce conjectures on the basis of subjective 
validity. However, the rules of science prohibit the ac- 
ceptance of any structure erected on conjectures until 
the formal objective processes have converted the con- 
jecture into a scientific conclusion. In the case of some 
famous mathematical theorems it has taken hundreds 
of years for the formal processes to establish the validity 
of the original insight in an acceptable fashion. To make 
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matters worse, mathematicians occasionally decide to 
“tighten up” the rules and then some theorems have to 
be proven all over again. I make this remark to bring 
out the point that the formal objectivity of scientific 
activity is not an absolute concept but is defined by rules 
agreed upon by scientists in the field as being appropri- 
ate. Since rules are simply a means of sorting “good” 
ideas from “bad” 


ones, and since ideas foster 


development of a field whereas “bad” ones inhibit it, we 


“ge 0d” 


may conclude that appropriate rules are those which at 
any given time tend to maximize the progress of a sci- 
ence, 

The obvious implication of this is that different fields 
of science may have different rules. And we can see 
clearly that the rules are in fact different on comparing 
the broad fields of mathematical, physical, biological, 
and behavioral sciences. There should be a very strong 
expectation, then, that other kinds of activities, such as 
engineering, have still different rules appropriate to their 
operations. And this also turns out to be true. 


THE FUNCTION OF ENGINEERING 

The function of engineering is the design or planning 
for solutions of particular problems. The rules which 
prescribe appropriate engineering behavior are markedly 
different from those of science. The difference is much 
greater than it seems to be in the popular, but erroneous, 
conception of engineering following along in the foot- 
steps of scientific advances. In reality, the reverse is more 
often true. The accomplished engineering fact provides 
a powerful stimulus to scientific inquiry. James Watt's 
engines were already a commercial product and their 
designer was dead when Carnot formulated the begin- 
nings of heat engine theory. 

Engineering does not defer its progress until the 
ground ahead has been fully prepared by scientific in- 
quiry. It moves whenever there is a practical need and 
when technical insight suggests that the chance of suc- 
cess is sufficiently good. And this insight, like scientific 
conjecture, typically surges ahead of the formal scientific 
development. Here, then, is another reason for saying 
that “applied science” is an inadequate term for engi- 
neering. This is not to deny the dependence of engineer- 
ing on formal science. There is a limit to this “forward 
reaching” such that until scientific inquiry has built a 
foundation under the steps already taken, further en- 
gineering progress is increasingly inhibited. 

The terminal product of a scientific inquiry is generally 
the published communication of results to the scientific 
community at large. The terminal product of engineering 
on the other hand is an implemented plan or design. We 
can imagine, then, that the mutual interactions be- 
tween engineering and the management function must 
be equally important and far more personal than those 
with scientific activities. The mutuality of the inter- 
actions needs some special emphasis, for there seems to 
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be a tendency toward the one-way flow conception. The 
dependence of engineering on science, for example, is 
quite widely accepted (if not understood); whereas the 
suggestion of a reverse flow of stimulus is often received 
as a novel idea (though it is not really obscure). I feel 
that there is a similar tendency among technical people 
to undervalue the usefulness of mutual interaction with 
management in enabling the engineering function to per- 
form effectively. I sense something of this conception 
when I hear operations research people speaking of “prob- 
lem solving for executives,” but rarely mentioning how 
much of the total problem the executive had to solve. 
I wonder then whether there was effective interaction 
and, if not, how much more difficult was the executive’s 
task for lack of it. 


THE FUNCTION OF MANAGEMENT 

If problem solution is defined as the accomplishment 
of a change in operating results the joint nature of the 
endeavor is inescapable. Technical knowledge must be 
joined to operational insights and appreciation of policy 
and other constraints. The executive role is again signifi- 
cant in the evaluation of alternatives because of the in- 
ability of formal methodology to get at the multi- 
dimensionality of “value.” This, at least, is my present 
judgment for I have yet to see convincing evidence in 
the operations research literature or elsewhere that any 
of the formalistie devices for operating on lower order 
subjective judgments lead to better results than a sub- 
jective synthesis at the executive level. 

This subjective synthesis is one of the crucial roles of 
management and I think it would help us a great deal in 
the development of improved technical support of man- 
agement planning and control if we could learn more 
about it. I am persuaded that these endeavors will be 
successful to the extent of helping executives to increase 
effectiveness of the process. An infinite optimism would 
be required, however, to support anticipation of its re- 
placement by a formalized methodology. I base this con- 
viction on several considerations. 


INTUITION AND RIGOR 

There is first to be taken into account the power of 
intuitive processes. By these processes and with an 
algebraic notation that was clumsy in comparison to 
what was later available, Fermat arrived at some re- 
markable mathematical theorems. To reconstruct these 
theorems by formal processes so that they could be con- 
sidered rigorously proved required a much greater vol- 
ume of effort by some of the world’s most skillful mathe- 
maticians. It is certainly true that the initial insights 
were not rigorously supported. For the purposes of mathe- 
matical science it was probably worth the expenditure 
of effort and passage of time (several hundred years) for 
some of these theorems to be proved. But the engineering 
and management functions have different purposes, and 
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there are other ways of buying the kind of pratical 
validity that is required. If a certain yet-to-be-proved 
theory should appear useful for the design of, say, a mis- 
sile, the engineer uses it to design, build and test one. 
A successful flight might or might not be rigorous proof 
for correctness of the theory, but it would provide practi- 
cal assurance that a missile designed and constructed in 
that particular way could fly 

The point has been made that formal methodology can 
buy rigor. It should be mentioned that this rigor is inter- 
nal only. The mathematician can have optimum solu- 
tions, for the unequivocality implicit in the notion of 
“optimum” is established by internal rigor. It cannot 
assure against the “optimum solution” being a wrong 
answer when projected to an external application. Real 
management problems are external to mathematics. There 
are no optimum solutions to these problems because there 
are no unequivocal operations for defining them. Hence, 
to speak of practical] solutions as “optimum” is to invite 
attention away from the equivocalities inherent in their 
development. The term is at best an inaccuracy, at worst 
a deceit. 

The formalist has learned to keep himself happy by 
living within his axioms, and finding aesthetic pleasure 
in the pursuit of internal rigor. The engineer and execu- 
tive must live with results. Competitive pressure to im- 
prove results works against the hope of raising assurance 
out of the subjective realm and, in fact, puts a premium 
on the sensitive feel for trade-off of assurance against 
time and effort. 

All experience indicates that there is a trade-off as 
indicated by the heuristic equation: 


R=f(T,E 


where FR is rigor, T is time, and E is effort (perhaps 
roughly measured in dollars). It is impossible to make a 
playing the trade-off. The scientist 


plays conservatively. The engineer will take less primary 


decision without 
assurance, but usually buys some secondary assurance 
with a “safety factor” which is often cheaper. The ex- 
ecutive must play aggressively without a safety factor. 
But he has in many instances the unique advantage that 
the effect of decision quality on the ultimate pay-off is 
considerably modified by other factors 


The executive who mischances to make onlv a fair 


decision but implements it skillfully and vigorously may 


still best the competitor who makes a superior decision 
but defaults on implementation. In fact, skill in selecting 
the superior alternative is probably of lesser importance 
than organization skill, a sense of decision timing, and 
an ability for vigorous implementation. A man with these 
talents can apply the resources of many more intellects 
than his own in accomplishing the selective act of deci- 
sion making. He can, in other words, create a decision 


< 


process to which he mainly contributes the timing and 


March—April, 1960 


the “maintenance” effort to keep the process operating 
effectively. 


PRACTICAL RESULTS 

The suggestion is before us then that management is 
not a simple function, but is better described as a com- 
plex of functions requiring some rather impressive ex- 
ecutive talents. The end objective of management is, 
of course, not simply the making of decisions nor even 
the making of good decisions, but the achievement of 
practical results. Managements are not judged on the 
number of decisions made, or on the quality distribution 
of decisions. Successful managements are rarely called 
to justify decisions, whereas failure generally forecloses 
explanation. Evaluation by results is the only sound 
principle, though in the application there is perhaps too 
great a tendency to emphasize present results with in- 
sufficient allowance for the expectation of future results 
arising from present actions taken under a long range 
plan. 

The importance of long range planning is intensified 
by technological change and associated economic factors 
and this has been reflected, I think, in recent years by 
corporate organization changes and allocations of re- 
sources. While the general subject of long range plan- 
ning is beyond our present interest, it is here that the 
interrelationships of scientific, engineering, and manage- 
ment functions can be seen in a useful perspective. It is 
a perspective from which we may wish to view our own 
activities as they on the one hand contribute to the 
process of change that presents management with its 
planning problems, and on the other contribute to their 
solution. 

I shall refer to another diagram, Figure 2, which serves 
to illustrate some important relationships. I conceive of 
management in its operating role directing attention to 
maximizing the output of “existing solutions.” Since I 
am not now concerned with current operating problems 
I show the existing solutions as static points. They are 
static in the “System Configuration” sense. The near 
future possibilities for improvement of results lie within 
what I have called the domain of technical, economic, 
and political feasibility. (I am using “political” in a 
broad sense to include internal constraints such as es- 
tablished corporate policy as well as external constraints 
such as work rule agreements, statute law, etc.) The 
majority of managers and engineers limit the search for 
improved operating results to the domain of current 
feasibility. But this domain has no permanent bounda- 
ries, and it is historically evident that the major incre- 
ments of progress in productivity and the material well 
being of mankind come about through enlargement of 
the domain. 

In providing for national military defense we have 
no choice but to press vigorously against technical feasi- 
bility barriers. In other matters of equal or greater im- 
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portance a similar vigor is needed in the reduction of 
politico-economic feasibility barriers. We have already 
established, for example, the technical feasibility of pro- 
viding many peoples of the world a much better food 
supply than they now have. In reducing the politico- 
economic barriers to this achievement the skills and 
energies of executive leadership are now of obviously 
greater importance than the supporting technical con- 
tributions. 

Because the reduction of technological barriers so often 
exposes politico-economic barriers that must also be re- 
moved there must be an emphasis and strengthening, I 
think, of the interaction between engineering and man- 
agement activities. This observation is not limited to 
those public and private enterprises that are actually 
applying resources to expansion of the feasibility bound- 
ary. The impermanence of this boundary, in an era of 
increasing technological development, must be of con- 
cern to every enterprise. It is necessary to locate the 
boundary as well as possible and predict how it will shift 
so that near future plans will have what in military 
weapons development is called “growth potential.” 
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POSSIBLE SOLUTIONS 

Accordingly, we must look beyond the feasibility 
domain to the domain of theoretically possible solutions. 
The mapping of this domain is possible because of sci- 
entific activity. The actual formulation of possible solu- 
tions to specific practical problems is an engineering type 
of activity because the statements of scientific results 
appear as generalizations. We are speaking here of a 
creative engineering activity lying at the “near science” 
end of the engineering activity spectrum. There may well 
be more science-trained than engineering-trained people 
engaged in this activity, which is perhaps why many 
refer to it as “applied science.” 

The concern of science is with pushing out the bound- 
ary of this domain of theoretically possible solutions. It 
does this by conjecturing something beyond it and de- 
vising ways of testing the conjecture. It would appear 
then that long range planning operates in the region of 
possibility beyond current feasibility and that one of its 
special tasks is to take note of scientific advances and 
interpret their significance to the enterprise. Obviously, 
scientific advances have no significance for management 
except under an expectation of eventual feasibility. 

It is often the easier part of long range planning to 
estimate the effects of scientific advances, assuming feasi- 
bility. (This is not quite the same thing as science fiction, 
which typically assumes both possibility and feasibility.) 
The usefulness of long range planning to management 
comes from identification of the technical, economic, and 
political barriers to feasibility; the estimation of time 
and effort for reduction of the barriers; and the develop- 
ment of specific courses of action for achieving and/or 
exploiting feasibility. Reliability of the results depends, 
even more than in other engineering activities, on per- 
sonal competence, judgment, and sense of professional 
responsibility. There ‘re no “handbooks” 
formulae for long rangé planning. 


or standard 


SUMMARY 

This then is the engineering function in long range 
planning. It supports the executive who, as chief planner, 
initiates the activity, commits resources to it, provides 
creative guidance in politico-economic considerations, 
and finally uses planning results to guide present man- 
agement decisions according to their future consequences. 

Long range planning, as we have described it here, is 
a relatively new concept for many executives and for 
many engineers as well. It is the outgrowth of the need 
for more effective response to the tightening challenge 
of technological competition. As the challenge will surely 
increase in coming years so will the development of this 
activity. There is opportunity here for the Industrial 
Engineer who points his professional development toward 
new horizons of the engineering function. 
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Toward a Theory of Scheduling 


by ALAN J. ROWE 


Manage r, Business 


ScHeDuLin has long been recognized as an impor- 
tant factor in the effective utilization of limited manu- 
facturing capacity. Attempts at solving the problem have 
either dealt with gross capacity considerations or the de- 
tail sequence in which parts are fabricated. Neither ap- 
proach incorporates the interdependence of total capacity 
with detail machine scheduling, or the variability in fac- 
tory performance due to fluctuating demand, unpredicta- 
ble worker performance, unexpected machine delays, vari- 
able product quality, and queueing effects. Present in- 
dustrial methods of scheduling provide arbitrary time 
allowances for successive machining operations in order 
to overcome the effect of these factors. However, arbi- 
trary allowances often result in excess costs because of 
the expedients needed to carry out a given production 
program. As an alternative, scheduling decisions rules 
which take the stochastic aspects of the problem into ac- 
count are proposed 


JOB SHOP PRODUCTION SYSTEM 


A job lot production system is often characterized by 
its physical arrangement and operating modes. The 
equipment is typically general purpose and arranged by 
the type of work performed as contrasted with a flow 
shop where the machines are arranged to suit a specific 
product. The combination of set-up and run time is often 
higher in a job shop as a result of general purpose ma- 
chines and individual lots. The mix of products is varia- 
ble in quantity and type, and has a wide range of value 
as well. The variety affects both the inventory and queue- 
ing aspects of the problem. Manufacturing processing 
time is also typically more variable due to new tooling, 
complex instructions, and the large variety of work. In 
addition to the physical characteristics, other aspects of a 
production system include information flow, points of 
control, and operating decision rules. Although these fac- 
tors are seldom formalized in actual practice, Figure 1 
illustrates the typical flow of information and decision 
points in a production system. 

Another consideration in describing a production sys- 
tem is the number of possible paths through which the 


*The results reported here are based on a Doctoral Disserta- 
tion, submitted to the UCLA School of Engineering, under the 
chairmanship of Professor E. P. Coleman; and a computer simula- 
tion project at the General Electric Company, conducted in co- 
operation with the IBM Corporation. 
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jobs can flow. The exact sequence of the jobs is often re- 
ferred to as scheduling. In the most general case, all jobs 
could follow all possible paths, that is, there would be 
(N!)™ paths, where N is the number of machines and m is 
the number of machining operations through which a job 
must be processed. In actual practice, there are very few 
such jobs shops, since there is often a limited variety of 
products, and these generally follow a limited number of 
paths. 

In view of the fact that even small scheduling problems 
are extremely difficult to formulate and solve in terms of 
all the variables, the complete enumeration of large-size 
scheduling problems is virtually impossible. For example, 
a shop having ten machines and ten jobs would have 
(10!)*° possible job permutations, or approximately 10° 
possible job assignments. Even if only 1 percent were 
feasible, these would constitute 10°* permutations, which 
is still prohibitive for enumeration. On the other hand, 
an alternate approach to considering various permuta- 
tions is to maximize the expectation of applying given de- 
cision rules. 
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Fic. 1. Operating Characteristics of a Production System. 
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Fic. 2. Typical Time-Cycle Chart for Manufactured Items 


SEQUENTIAL SCHEDULING DECISIONS 

The sequential approach to scheduling decisions estab- 
lishes a basic plan prior to the execution of a given pro- 
gram and utilizes priority rules for the implementation 
of the program. Thus, rather than specifying the exact 
sequence in which jobs are to be performed, the initial 
scheduling phase establishes an overall manufacturing 
cycle for each component based on probabilistic methods 
(Figure 2). A variable flow allowance, which can be 
based on the value of the jobs, establishes both the manu- 
facturing cycle and the release date of the jobs to be 
processed in the factory. In addition, each operation of a 
job has a specified start date within the manufacturing 
cycle (Figure 3). As work progresses through the fac- 
tory, the planned start date is compared with the cur- 
rent date. A priority function which includes the devia- 
tion from start date is used as a basis for choosing which 
job to assign next. A number of alternate priority func- 
tions are examined later. 


PARTITIONING SCHEDULING TO PERMIT SEQUENTIAL 
DECISIONS 


Sequential decision rules require partitioning of the 
scheduling problem into three phases: 


1. Loading—The comparison of the total hours of demand with 
the capacity for a given time period, not considering detail 
assignments of jobs 

2. Scheduling 
is used to assign demand to specific days within the time 
period 


Establishment of the manufacturing cycle which 


3. Dispatching—The assignment of each job to specific machines 


at given times within the time period 
Loading, therefore, merely considers the total hours of 
work for a given time period, whereas scheduling estab- 
lishes when each job is to be completed within the cycle. 
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On the other hand, dispatching is often called the combi- 
natorial scheduling problem, since the result is a matrix 
showing the exact sequence of jobs assigned during the 
given time period. 

If the total hours of load for a given period exceeds 
capacity, normal operating rules cannot be applied to 
production scheduling. The practice in industry is to ad- 
just capacity by working overtime, subcontracting, or 
extending delivery promises. With this approach, the 
overall load can be kept within acceptable limits. Once 
the overall load is kept within bounds, the problem of 
establishing manufacturing cycles and job assignment is 
still difficult. The “scheduled” load is assigned to specific 
work days by taking the start date for each operation 
and assigning the work to the appropriate machines. Al- 
though the work for a given job can be spread over the 
period, there may still be conflicts with other jobs hav- 
ing the same start date during the period. At this point, 
an exact sequence of jobs could be established; however, 
the manner in which jobs are actually completed often 
differs quite significantly from the planned arrangement. 
Decision rules which adjust the relative priority of jobs 
as they are actually processed rather than maintaining 
an arbitrary predetermined sequence therefore appear 
necessary. 


In making decisions sequentially, there is an opportu- 
nity to take corrective action as the need arises. Upon 


examination of the initial planning phase of scheduling, 
it is evident that substantial improvements are possible. 
For example, if provision is made to combine similar 
jobs, set-up time can be appreciably reduced. Or, running 
the same job on several machines simultaneously will re- 
duce the total manufacturing cycle time. However, in job 
lot manufacturing, the mix of orders to be processed varies 
considerably, thus making it difficult to plan the work 
completely in advance. The alternative is to plan the 
“flow” of each work order so as to permit the maximum 
flexibility in carrying out alternate activities. Since the 
flow of work orders determines their manufacturing cycle, 
the resultant manufacturing plan can be designed to 
meet given objectives. 


Fic. 3. Manufacturing Cycle for a Given Component 
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Fic. 4. Relation of Value of Parts to the Percentage of Items 


DEVELOPMENT OF SCHEDULING DECISION RULES 


Scheduling, as defined earlier, establishes the manu- 
facturing cycle time as well as the start date for each 
operation of each job. The cycle time consists of the 
processing, move, and delay allowance for each job. In 
order to minimize inventory, the delay which can be ex- 
pressed as a flow allowance is made a function of the 
average delay at the machines, the value of the job, the 
number of operations and the loading factor. This flow 
allowance is used in the scheduling formula to compute 
the start date for each operation. The start date provides 
the basis for feedback control during dispatching. Where 
correct flow allowances are used to compute start dates 
for each operation of a job, it is possible to insure on- 
time completion tather than a single finish date to use 
as the basis for Judging lateness, each operation then 
provides a bench mark which can be used to speed up 
or slow down the job 

Where the value of the jobs is disregarded, the flow 
allowance depends only on which machine groups the 
jobs were processed. However, in job shops there gener- 
ally is a wide distribution of value of parts being proc- 
essed, and potential reductions in work-in-process in- 
ventory are possible if a variable flow allowance is used. 
That is, the flow allowance would change continuously as 
the value of the jobs changed during processing. Thus, 
where raw material is cheap, but the labor added is high, 
a job could be released earlier than if the final value 
alone is used as the basis for the flow allowance. It would 
also permit distinguishing very high value jobs from 


lower value jobs in the high value category. An analysis 


of value categories for many typical factories made by 


H. F. Dickie revealed that there was a definite pattern 
(5), as shown in Figure 4. 


teading from the curve, ap- 
proximately 10 percent o 


f the jobs constitute 75 per- 
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cent of the total value of all jobs being processed. The 
percentages shown are typical; however, they would dif- 
fer for any given product mix. 

The flow allowance can be made inversely proportional 
to the value, as shown in Figure 5. One formulation for 
the flow allowance is 


fg = kVe* 


where 


k;=a constant dependent upon the range of values 
at the jth machine group. 

V;=value of a given job at its 7th operation. 

b=an empirical constant. 


The cost of carrying work-in-process inventory depends 
on the value of the job, the time in process, and the in- 
terest rate. Thus, by use of a “variable” flow allowance, 
it is possible to have less area under the curve for a given 
product mix than an “average” flow allowance. The carry- 
ing cost, for variable and fixed flow allowances, can be 
compared, as shown in Figure 6. The carrying cost, with- 
out interest, can be computed as follows 


1. For fixed flow time 
c=kV; 
where 


k =average number of flow days for ith value category. 


2. For variable flow allowance 


c=KV;}~ 
where 


K =a function of job value, resulting in a variable flow rate. 
b =an empirical constant. 


Since the high value jobs are few in number, it is possi- 
ble to decrease the time they spend in the shop, in ex- 
change for increasing the corresponding time for the low 
value jobs, which should result in a net decrease in aver- 
age value of work-in-process inventory. It is significant 
to note, however, that the total waiting time in the shop 
does not necessarily decrease; it is merely apportioned 


Orders (Dollars) 


Fic. 5. Relation of Flow Allowance to Value of Job. 
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Fic. 6. Comparison of Carrying Costs Using Variable and Constant 
Flow Time 


in a more optimal manner for inventory purposes. Saaty, 
in his “Résumé of Useful Formulas in Queuing Theory,” 
indicates that the expected waiting time is independent of 
queue discipline provided processing time is not con- 
sidered (11). Where jobs having short processing time 
are given a high priority, Morse has shown that the ex- 
pected total waiting time can be minimized (9). 

Since the average investment in work-in-process in- 
ventory depends both on the time jobs spent in the shop 
and the rate of change of their value, the expected wait- 
ing is important. Thus, if the initial value of an order is 
high, rapid flow (minimum wait) through the shop re- 
duces the expected total inventory value. Where the ini- 
tial value is low, processing might increase the value 
substantially; therefore, as the value changes, the flow 
rate should be correspondingly increased permitting the 
flow rate to change continuously as the value of the jobs 
changes. However, there is a maximum flow rate possi- 
ble (commensurate with meeting delivery commitments). 
On the other hand, decreasing the flow rate of the lower 
value jobs also has certain bounds. The cycle time can- 
not be increased beyond the limits which depend on nor- 
mal delivery promises. In addition, releases which are 
too early increase the work-in-process inventory unneces- 
sarily and cause difficulties due to schedule changes, obso- 
lescence, and similar problems. 

Another factor is used to compensate for jobs which 
have a high reject or rework rate. Time is added to the 
manufacturing cycle to replace or repair the parts. The 
total allowance then is 

fite or kV*+€ce 
where f is the flow allowance for each operation. The 
critical allowance for the entire cycle, c, can be deter- 
mined empirically. 
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The flow allowance is dependent upon the delay asso- 
ciated with each machine group. This delay, or queueing, 
represents the amount of time a job can expect to wait at 
a machine. If jobs are not removed from machines when 
a very high priority job arrives, there is an expected wait 
while the one on the machine is being completed. Rather 
than have all jobs wait an equal amount of time, priority 
classes can be established which distribute the expected 
waiting time in a manner designed to achieve a specified 
objective. Since minimizing the cost of assuring a speci- 
fied completion distribution is one objective of scheduling, 
value of the jobs can be used as the basis for partitioning 
the queue time. However, not all jobs are processed 
through all machine centers; thus, the distribution of 
value at each center should be separately evaluated. 
Value categories were established for each machine 
group such that the upper 10 percent of the jobs were 
considered high value, the next 20 percent were consid- 
ered medium value, while the remaining 70 percent were 
considered low value. With these percentages estab- 
lished the mean value for each category was determined. 
Using the functional relation 


f = ky-* 


as the basis for the flow allowance, the waiting time for 
each value category was determined in the following 
manner: assume b = 1, then 


If f, = the flow allowance for the high value category and 
fm = the flow for the medium category, then 


fr k/Vs 


Thus, the flow rates are inversely proportional to the 
values. If the value categories were continuous, this for- 
mulation would be adequate; however, for discrete values, 
the mean of each category is used to establish the flow 
allowance. Therefore, the following relationships are em- 
ployed 
ImVm fii 
Sn 


where 


=mean value of the low category. 


V, 
Vn 


=mean value of the medium category. 
V,=mean value of the high category. 


If a suitable standard deviation is added to the mean 
delay, the following relation can be used 


n(G + kS) = nifn + Nnfm + nif 
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where 


n=the total number of jobs processed at a given 
machine group. 
g=the mean queueing time for a given machine group. 
S =the standard deviation of waiting time for a given 
machine group. 
k =the factor which assures a desired confidence level. 
n, =the number of high value jobs. 
Nm =the number of medium value jobs. 
n,;=the number of low value jobs. 
frx=flow allowance for high value jobs. 
tm = flow allowance tor medium jobs. 
f,: = flow allowance for low jobs. 


This formulation assumes that 
n= Ny + Nm + N1. 


Therefore, the following holds 
Nifh Nmfm Nifi 
gd + kS - - 
n 


Pifh + Fale + Prifi. 


But, P is merely the percentage of jobs in each specific 
value category, which was established previously. There- 
fore, the P values are available to solve the equation. 
Expressing the flow allowances in terms of the high value 
category, the following relationship holds 


Pifs + Pafr = 


Vi 


g+ksS + Pifh p 


Since all the factors in the parentheses are known for a 
given machine group and product mix, the expression 
reduces to 


G+kS = Kf. 


Thus, once the mean delay and standard deviation are 
known, or estimated, the method for partitioning pro- 
ceeds directly. This method was the one used as the 
basis for partitioning the flow allowance for the computer 
simulation runs described later. 

If the mean waiting time is to be partitioned, the 
standard deviation is included prior to partitioning, 
rather than providing a separate standard deviation for 
each of the partitions. In this way, the total allowance at 
a machine group is reduced, at the same time assuring 
that the combined allowances are adequate to provide a 
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desired confidence level. Although the variance at each 
machine station can be determined, the combined vari- 
ance for all machines through which a job passes is more 
difficult to estimate. The total variance depends on which 
priority rule is used, since the deviation from the mean 
can be employed to alter the flow rates. Therefore, the 
total variance is a complex function dependent on the 
basis for job assignments, and the variability at each 
machine station. 


A SCHEDULING DECISION RULE 


Allowances, when added to the machining and transit 
time, establish the manufacturing cycle for each job. To 
determine the start date for each operation of a job, the 
following scheduling formula can be used: 


S;=D- L(Pi+t) - D}UfetoOte 


| ‘ 
where 


S,=planned start date for the ith operation. 
D=promised delivery date for completion of the job. 
P;=processing time for the ith operation. 
t;_,=transit time from operation 1—1 to 7. 
o =cycle variance allowance for remaining number of 
operations from i= m to n. 
fi;=flow allowance for operations i=m to n based on 
value and the delay for the ith operation at the 
jth machine group. 
C = cycle correction for critical jobs or special machine 
groups. 


THE JOB ASSIGNMENT DECISION RULES 


After the jobs are scheduled and released to the shop, 
another decision rule is required which will enforce the 
planned cycle time. Dispatchers use this rule to choose 
which job to assign when a machine becomes available 
for work. Sequential decision rules relate the scheduling 
allowances to actual performance in dispatching by using 
a priority index to compare the various jobs in a given 
queue awaiting assignment. The purpose of the priority 
index is to reduce the probability that a job will miss its 
due date and, therefore, ignores the value of a job, since 
a low value job can hold up shipment as well as a high 
value one. 

There are many possible functional relations which 
can be used to establish a priority index. Since the flow 
time is determined during scheduling the sequential dis- 
patching rule takes cognizance of a differenee between 
actual time remaining prior to completion and planned 
flow time. As this difference increases, the priority of the 
job increases. The absolute difference, however, is not a 
sufficient measure of priority, since the number of opera- 
tions or specific machines through which the part must 
be processed is also significant. For example, if two jobs 
have the same remaining flow time, but one has a larger 
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number of operations, it would have a higher priority 
since there is a higher probability of missing the due 
date for a larger number of remaining operations. 

The time to process a job can also be considered as a 
basis for an assignment. This can be divided into the 
processing time for the operation under consideration 
and afl other remaining operations for the specific job. If 
all other factors are equal, assigning the job with the 
shortest processing time for the current operation, as 
contrasted with remaining operations, will tend to reduce 
the total lateness of all jobs. For example, if one job has 
ten hours of processing and the other has one hundred, 
then assigning the shorter job causes the other to wait 
ten hours, whereas the converse assignment would cause 
the short job to wait one hundred hours. However, if 
provision has been made in the flow allowance for the 
short job to wait, this amounts to carrying out the sched- 
ule plan; although at some point, further waiting might 
cause the short job to be late. Thus, where flow time and 
number of remaining operations are equal, the processing 
time itself affects lateness. 

A number of priority rules have been proposed as the 
basis for dispatching jobs in the factory: a priority 
based on the concept of “slack” has been proposed by 
Nelson (10) and Grad (6); a study to determine the 
effect of processing time on job completions was made by 
Jackson (7); the deviation from planned date as a pri- 
ority was first proposed by Salveson (12); a two part 
rule used to sequence jobs so as to minimize set-up has 
been examined by Conway (4). Each of these investiga- 
tions has attempted to find a decision rule which would 
lead to an optimum sequencing of jobs. Basically they 
have followed a probabilistic approach to solving the 
problem. Another approach has been proposed by Akers 
(1) and Barnes (2), using Boolean Algebra. However, an 
exact sequence or permutation in which jobs should be 
assigned would be difficult to carry out due to the highly 
variable nature of job shop production. It was this latter 
consideration which led to the sequential decision rule 
approach which uses expected flow rates for scheduling 
and job assignment. Another approach to the problem by 
Karush and Moody considers the overall factory load and 
assembly sequence as the basis for establishing feasible 
schedules (8). An excellent review of the various ap- 
proaches to the scheduling problem is given by Sisson in 
his article, “Methods of Sequencing in Job Shops—A Re- 
view (13).” 

A search technique, based on sampling of alternate 
assignments, could be used to determine which assign- 
ments tend to minimize the expected lateness. However, 
flow time can also be used to determine which jobs might 
become late at future operations. Having appropriate in- 
formation, assignments can be made so as to permit more 
rapid flow of potentially late jobs. Dispatching rules, 
which assign a higher priority to jobs that might become 
late, tend to assure rapid flow. Normally, in dispatching, 
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no attempt is made to control future operations. Dis- 
patching is principally concerned with assigning jobs 
that are available in a given queue without explicitly 
considering other queues. Scheduling is presumed to have 
previously taken the overall loading into account, and 
provided appropriate flow allowances. Expediting can be 
used where there are potentially late jobs. For example, 
lot splitting, preemptive assignment, lap phasing, alter- 
nate sequencing, or alternate equipment could all be ap- 
plied as special rules when the floy time has been ex- 
hausted. Dispatching rules, therefore, can be designed to 
work effectively under normal operating conditions, and 
when special problems arise, expediting rules could be 
substituted. 

Although many rules have been proposed for use in 
dispatching, at present, no analytic formulation has been 
made which assures optimality. The rules presented here 
for use in conjunction with the scheduling formula pre- 
viously described are primarily a logical approach to se- 
quential decision making. 

A rule which has been tested on many problems and 
has led to good solutions is based on the planned flow 
allowance established during scheduling. This formula 
for establishing a priority index is 


(T — S;) — A; 
MI, =— : 


Nt 


where 


[] =the priority index for a given job at the ith 
operation. 


T =the fiscal day number when the index is being 
compared. 
S;=planned start date for the ith operation. 
A;=a factor which is based on the flow allowances 
established during scheduling. 
N =the number of operations remaining from 7 to m. 
b=an empirically determined constant. 


The job with the largest algebraic priority index is as- 
signed to a machine when there is more than one job 
competing. The deviation from start date, (T — S;), pro- 
vides a measure of the lost time as a result of waiting for 
assignment or late delivery. When this deviation is com- 
pared with the flow allowance, Aj, it indicates residual 
time. Thus, when T — S; A; is positive, it indicates 
that the job has exhausted its current flow time. A modi- 
fication of this rule is to have A; only include the flow 
time for the ith operation; thus, the job would not neces- 
sarily be late when the quantity is positive. 

The residual flow time, T — S; — Aj, is divided by the 
number of remaining operations when the job is early. 
That is, the constant, b, is made positive. If the residual 
time is positive, the constant, b, is made negative, which 
results in multiplication by the number of operations. An 
alternate to dividing the residual flow time by the num- 
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ber of remaining operations is to divide by the expected 
remaining waiting time.’ 

Another form of priority ruie explicitly incorporates 
processing time as one of the factors. One such formula- 
tion follows 


NOP, 
i+1 


> P +Fa-a 
+1 ‘ 


where 


the priority index for a given job at the ith 
operation 

deviation from planned start date, (7’—S;). 
an empirically determined constant. 

the flow allowance for the ith operation only. 
number of remaining operations not including 
the ith operation. 


an empirically determined constant. 


the remaining processing time, not including the 


ith operation. 


the remaining flow allowances for operations 


from i to m. 


This formulation of the priority index treats the devia- 
tion from start date as compared to flow allowances for 
the current operation and for remaining operations. This 
rule attempts to assign jobs so as to minimize the proba- 
bility of lateness. For example, if all other factors are 
equal, the priority rule will choose the job with a mini- 
mum a; for the current operation. Where everything else 
is equal, the rule will choose the job with the largest 
number of remaining operations or it will choose the one 
with the most remaining processing time compared to the 
flow allowances. A rule, such as this latter one, would 
have to be run on a computer since it is unreasonable to 
expect a dispatcher to compute the priority index for 
every job assignment. An interesting variant of this rule 
is the following 


A \ . A 
+N-*S" P,ex ( ) 
IT, ( , ) ae ee 


where all the terms are the same as before except that ¢ 
is the base of the natural logarithm. This latter formula- 
tion places increased emphasis on future operations and 
correctly computes [] even though A changes sign. The 
prior formulation assumes that }>P;+ >0a;>A, so that 
the correct index is assigned. The characteristic form of 

*This was suggested during a discussion of priority rules by 


R. T. Nelson, Staff Member, Management Sciences Research Proj- 
ect, UCLA 
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the three rules is shown in Figures 7 and 8. 


THE USE OF COMPUTER SIMULATION 


Simulation is an attempt to imitate the behavior of a 
system to study its reaction to specific changes. The re- 
sults permit one to gain insights, test hypotheses, demon- 
strate or verify new ideas, establish feasibility, compare 
alternatives, design complex systems, or train person- 
nel. Computer simulation, however, is seldom an exact 
analogue of the operation of an actual system. Rather, 
the majority of simulations are performed on digital 
computers which can only approximate continuous, si- 
multaneous activity. If the elements and properties of the 
system have been properly defined, then the parameters 
and variables can be readily controlled and measured. 

To simulate factory operations, then, it is necessary to 
have a model which provides a formal statement of the 
system behavior. This model may be a symbolic model, a 
mathematical model, or merely a descriptive model. The 
model should be constructed so that the parameters, vari- 
ables, and forcing functions correspond to the actual sys- 
tem. The parameters should include properties which are 
sufficient to define the behavior of the system, whereas 
the variables are the quantities which describe the be- 
havior for a given set of parameters. The forcing function 
provides the stimulus, external to the system, which 
causes the system to react. For example, job orders 
which enter the production system cause men to work, 
machines to run, queues to form, etc. In this way, job 
orders become the forcing function for the system. What- 
ever particular form is used, a model provides the frame 
of reference within which the problem is considered. 

The design aspect of the problem can be accomplished 
either by modifying the parameters of the model and 
examining the behavior of the system or by specifying a 
given design and examining behavior under varying con- 
ditions. The first type of simulation is exploratory in that 
the new design will result from information obtained by 
simulation. The second type is a form of statistical sam- 
pling. That is, a given design is subjected to many condi- 
tions in order to determine its suitability. The latter has 
been referred to as Monte Carlo sampling. Monte Carlo 
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Fic..8. Accelerating Priority Rules 


sampling is defined by Brown as “any procedure which 
involves the use of statistical sampling techniques to ap- 
proximate the solution of a mathematical or physical 
problem (3).” Although there is no known distribution 
for scheduling type combinatorial problems, Monte Carlo 
sampling seems to offer a basis for comparing various 
decision rules. Non-parametric methods, such as lower or 
upper bounds, can also be used to evaluate the results. 
A lower bound to the scheduling problem, for example, is 
obtained from the comparison of demand and capacity. 
The total time required to process a given demand can 
be determined for each machine type, since the sequence 
in which parts are to be processed is not considered. This 
could be used for comparing the effectiveness of a given 
set of decision rules. 


AN EXPERIMENTAL SIMULATION’ 


The simulation runs described in this section were 
based on a model of an actual job shop. The shop had 
17 machine groups with a total of 85 machines. Each 
group consisted of a similar set of machine tools. This 
shop was chosen as being representative of the many com- 
plex problems encountered in job shop operations. There 
were large planer-milling machines, precision Blanchard 
grinders, multiple spindle drill presses, ete. The work 
processed in the shop consisted of a variety of orders, 
different lot quantities, small as well as large pieces, ex- 
pensive and inexpensive items. The job processing time 
per operation ranged from a fraction of an hour to sev- 
eral weeks. 

Certain simplifying assumptions were made in order 
to have a reasonable computer model. No lot splitting 
was permitted, nor was a job removed from a machine 
for a new job. Set-up jobs, although not torn down for 
high priority jobs, were not necessarily run if an idle 
machine was available for a higher priority job. Lap 
phasing, alternate sequencing, overtime, subcontracting, 
and expediting measures were not explicitly tested. 

The priority rules used for job assignments in the ex- 


* The computer program for this simulation was written for the 
IBM 704 by I. Rezucha, Data Processing Division, IBM Corpora- 
tion. 
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periment represent rules described in the literature or 
used in industry. The rules tested included the following: 


1. First come, first served 

2. First come, first served within priority class 
3. Sequential rule 

4. Minimum imminent processing time. 

5. Maximum imminent processing time 

6. Earliest start date 


Although many other possible priority rules exist, this 
experiment was meant to be representative rather than 
an exhaustive test of all possible rules. 

The first-come-first-served rule is one of the classical 
rules in queueing theory. Applying this rule, the job which 
arrives first in a queue is given an absolute priority re- 
gardless of any other considerations. Arrivals at toll 
booths and at computers generally apply this rule. The 
three-pocket dispatching system of production control is 
essentially a first-come-first-served rule. A variation of 
this rule is the use of arbitrary priority classifications in 
conjunction with the time of arrival. Since inventory con- 
siderations are an important aspect of the scheduling 
problem, the value of jobs was used in the second rule as 
the basis for priority. Three value classes were used: 
high, medium, and low. The rule consists of choosing the 
first high value job which arrived. After all high value 
jobs have been served, the medium value jobs are taken 
next, based on the time of their arrival. Finally, the low 
value jobs are assigned. This rule, as well as all the oth- 
ers, is non-preemptive since, once a job is running, it is 
not torn down for a higher priority job. However, when 
a machine becomes available for new work, the higher 
priority class takes precedence, regardless of when any 
of the other jobs arrived. The latter rule is interesting in 
that it indicates potential inventory reductions resulting 
from the use of value classifications as the basis for the 
flow allowance. 

The third rule takes the flow allowance into considera- 
tion, as compared with elapsed waiting time and number 
of remaining operations. Since the flow allowance is a 
function of value, this rule indirectly takes inventory 
into consideration. The number of remaining operations is 
indicative of the amount of processing still to be com- 
pleted. In this way, the sequential rule attempts to main- 
tain a high probability of on-time completion. There are 
a number of possible variations of the sequential rule 
which are related to the method scheduling. The particu- 
lar form tested here is merely indicative of results using 
this approach. 

The minimum-imminent-processing-time rule has been 
mentioned as being useful in reducing the total expected 
waiting time. In actual practice this is a “sneak in” rule 
where the short jobs are processed first, since they do not 
appreciably affect the waiting time of other jobs. The 
converse rule uses the maximum imminent processing 
time as a basis for assignment. Where there is a high 
correlation with value, the latter rule is very similar to 
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first-come-first-served-by-value category. The basic prem- 
ise behind the maximum processing time rule is that 
by completing the long jobs first there is a smaller proba- 
bility of late completion. In actual practice, high value 
jobs with long processing time are often given the longest 
lead times. In effect, this is a form of safety allowance so 
that if a part is scrapped there is sufficient time to re- 
place it and still meet delivery commitments. 

The start-date rule is the most prevalent in industry 
today. In effect, this rule assigns a planned date on which 
the job should start in order to be completed on time. 
The start date is typically determined by multiplying the 
number of operations through which a job must pass by 
an arbitrary allowance. This rule does not consider value 
of the job, time of arrival into the queue, nor processing 
time as the basis for assignment. The job in a queue which 
has the earliest start date is assigned first. The sequential 
rule also employs a start date; however, time of arrival 
in the queue, value, and processing are all used as a 
basis for assignment. 

A slight variant of the start-date rule is to specify the 
due date of each operation. Often the due date for the 
final operation is the only one shown; however, this does 
not provide a satisfactory degree of control. Since the 
start-date rule is currently practiced in industry, the 
implementation of a sequential rule would be readily 
facilitated. 


9. Typical Distribution of Job Completions for Alternate 
Priority Rules 


March—April, 1960 


TABLE 1 
Mean Delay as a Function of Priority Rule 
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ANALYSIS OF THE SIMULATION RUNS 


The distributions of job completions for a typical run 
of simulated shop performance are shown in Figure 9. 
Two different load conditions applying the six priority 
rules were tested. The solid line represents a heavy load 
and the dashed line a light load. In addition to the mean 
completion, the skewness and range should be considered. 
In order that the number of jobs late be minimal a high 
negative skewness is desirable. This places the modal 
point of the distribution at or near the minimum devia- 
tion from due date. The shape of the distribution also 
assumes importance when one attempts to minimize car- 
rying costs. 

An analysis of these runs indicates that the distribu- 
tions do not change radically for the conditions tested. 
A true Monte Carlo sampling, however, would require 
extensive runs to find the distribution of completions 
under many different conditions. The shape of the dis- 
tributions, however, tends to change with the load. Maxi- 
mum variability is found for the medium load, indicating 
that the allowances were too large for this condition. The 
difference among distributions appears most significant at 
the heavier load. 

The mean waiting time was used to compute the wait- 
ing allowance for each value category. However, as was 
discussed previously, under certain conditions the mean 
waiting time depends upon the priority rule. A test run 
was made to determine experimentally whether the mean 
delay would be a minimum for the shortest-imminent- 
processing-time priority rule. Using actual shop data as 
the input, the results are summarized in Table 1. The 
number of machines and percentage of load are shown 
separately for each machine group. The mean waiting 
time in days is shown for each priority rule. Since the 
load and number of machines differ for each group, the 
data cannot be considered as samples from a single popu- 
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Fig. 10. Comparison of Completion Distributions 


lation. The aggregate waiting time for the system, how- 
ever, could be treated as a sample from a given popula- 
tion. Since there was no replication of the individual 
rules, there is no estimate of their variance. Therefore, to 
test the hypothesis that the aggregate mean waiting time 
for the prority rule using the minimum imminent process- 
ing time differs significantly from the mean of the pop- 
ulation, the Students ¢ test was used. The results indicate 
that there is a statistical difference in the mean waiting 
time for this rule from the other rules assuming this 
simulation run as a representative sample. This rule 
could therefore be employed where minimizing the wait- 
ing time is a primary objective. Scheduling for com- 
puters often utilizes this rule, since in this way the wait- 
ing time of programmers is reduced. 

To establish the basis for the flow allowance, another 
test run was made. The mean waiting time does not pro- 
vide adequate assurance of meeting a desired percent of 
completions. If the waiting time distribution is Poisson, 
then there is approximately 90 percent assurance that the 
wait will be less than the mean plus one standard devia- 
tion. To determine the effect of flow allowances on the 
distribution of completions, three runs were made with 
the sequential priority rule. The first run used the mean 
waiting time for each machine group as the basis for 
assigning allowances. The second run used the mean plus 
one standard deviation (assuming a Poisson distribution). 
The third run used the mean waiting time for the entire 
shop as a uniform allowance for each machine group. 
The simulated factory load was approximately 80 per- 
cent of capacity. Figure 10 shows a comparison of the 
job completion distributions for the conditions tested. 

Where the allowance included one standard deviation 
(Run No. 2), 


Using a variable delay at each machine group as the 


only 7.6 percent. of the jobs were late. 
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allowance, without the standard deviation (Run No. 1), 
56.6 percent of the jobs were late. In Run No. 3, using 
a single grand mean as a uniform allowance, 39.1 per- 
cent of the jobs were late. It is thus apparent that the 
flow allowance should provide for variability. The num- 
ber of standard deviations to add to the mean depends 
both on the density function and the desired confidence 
level. 

A test was made to determine the effect of changing 
the value categories. As can be seen from Figure 11, the 
minimum cost occurs approximately at the division of 
30 percent high value and 70 percent low value jobs. A 
separate run was made with three value categories. In 
this run the categories were 67 percent low, 23 percent 
medium, and 10 percent high value. The results of this 
run produced a cost of 337,000 dollar-days of work-in- 
process inventory, as compared to 342,300 for the two 
category classification. Thus, there appears to be a mini- 
mum carrying cost which is a function of the percent of 
jobs in each value category. 

A comparison of four priority rules was made with 
fixed and variable flow allowances. Rules 1, 2, 3, and 6 
were run with a fixed allowance of 4% day per operation. 
A second run was made applying the partitioning prin- 
ciple for value categories described previously. The re- 
sults of these two runs are shown in Table 2. 

An examination of the data reveals a number of inter- 
esting facts. For example, note that there was no change 
from Run No. 1 to No. 2 for the first two priority rules 
except for the completions which were improved in both 
eases. On the other hand, the second two rules improved 
both in carrying cost and completions. The latter im- 
provement can be attributed in part to the fact that the 
second two rules tend to enforce the planned waiting 
first-come-first-served rules 


allowances, whereas the 


TABLE 2 


Comparison of Fized and Variable Flow Allowances 


Priority First Come 
Rule First Served 


First Served Sequential Start Date 


By Value Rule Rule 
Run 1 Run2/ Run1 Run2, Runl Run2_ Runl Run 2 


Utilized 
Capacity 89.1 89.1 89.7 88.6 89.1 
Wait Time 


High Value 
Jobs 


Wait Time 
Medium Value 
Jobs 

Wait Time 

Low Value 

Jobs 

Wait Time 
Total 
Dollar-Days 
Carrying Cost 5 


Cost Ratio 


Percentage of 
Jobs Late 


Mean 
Completion 


Volume Xi 





urrying Cost for Different 


tend to have walting times which are independent of the 


supplied allowances This is evidenced by the fact that 


the waiting time remained unchanged for the first two 
rules despite a é ‘al change in the allowances. The 
partitioning of waiting time based on value was most 


effective for the sequential rule. For example, the per- 


centage completions on time and mean completion are 


best for the sequential rule in Run No. 2. In addition, 


the variance of the distribution of job completions was 


a minimum for both runs with rule three. Different 
methods of assigning waiting allowances might also im- 
prove tne othe r priority rules 

As a final test, the sequential-priority rule was run 
with different waiting allowances in an attempt to mini- 
mize the 


variance and carrying costs. The runs include 


the two previous ones just described in addition to two 
others. The summary of the four runs is shown in Table 
3. The primary difference among runs was the change 
in planned flow allowances. The first run had a 14-day 
allowance per operation; the second had 1.4-days allow- 


ance; the third had a variable allowance based on value 


category and machine group; the fourth run used feed- 
back from the simulation to correct the previous allow- 
ances 

As can be seen, there is a considerable improvement 1n 
the last run. Although 


pleted on time, 


the second run had all jobs com- 
the carrying cost of 566,100 dollar-days 
cost is the highest in these runs. The variable allowance 
achieved equally good completions, and in addition a 
reduced carrying cost of 388,800 dollar-days or a 31 per- 


cent lower cost. The last run shifted the mean comple- 


tion closer to zero, as well as achieving a further redue- 
tion in carrying cost 

It is apparent from these last runs that the correct al 
lowances not only insure good completion distributions, 
but also reduced carrying costs. Thus, applying the parti- 


tioning principles to establish waiting allowances and us- 
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ing a priority rule to enforce the flow rates appear to 
provide a suitable method for scheduling jobs where there 
are competing demands for searece resources and high 
variability. 


CONCLUSION AND SUMMARY 


The behavior of a job lot production system is extremely 
complex and determination of optimal decision rules is a 
difficult problem. The present study was concerned with 
evaluating the applicability of sequential decision rules 
to the scheduling problem. Decision rules which are based 
on the value of parts being processed appear to provide 
reduced costs while still assuring a desired completion 
level. A variable flow allowance is obtained by partition- 
ing the mean queue time for each specific machine group. 
The flow allowance was made inversely proportional to 
value. Thus, by increasing the flow rate of high value 
jobs, inventory costs were minimized. To insure that the 
planned flow rates would be carried out, a priority queue 
discipline was established based on correcting for devia- 
tions from the planned flow. In this way, decisions were 
made sequentially rather than attempting to predict the 
precise job assignment permutation. 

The variable flow rate can also be applied where value 
is not important. In this instance, there would be no parti- 
tioning of the mean waiting time, but rather the waiting 
allowance would be based solely on which machine groups 
the jobs were to be processed. Where there is a wide range 
of variability in machine utilization, there is a concom- 
mitant wide range of waiting time. Where this condition 
prevails, supplying a uniform waiting allowance for all 
jobs does not provide suitable confidence levels for insur- 
ing on-time completions and results in excess carrying 


TABLE 3 
Effect of Changing the Flow Allowance 
Priority Rule No. 3 Run 1 Run 2 Run 3 


Utilized 88.4 91.1 89.7 
Capacity 


Queue Time 
High Value Jobs 


Queue Time 
Medium Value Jobs 


Queue Time 
Low Value Jobs 


Queue Time 
Total 


Dollar-Days 
Carrying Cost 


Cost Ratio 
Queue to Total 


87.7 90. 


Percentage of Jobs 68.7 100. 


Completed on Time 
Mean Completion —0.16 
Days 
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costs. On the other hand, the variable flow rate can be 
used to achieve improved performance where there is 
variability in mean waiting time from one machine group 
to another. However, to implement the variable flow rate, 
a priority rule is required which considers the rate speci- 
fied, 

Monte Carlo simulation was used to evaluate the 
sequential rules under various shop conditions. This ap- 
proach appears to provide an extremely flexible means 
for studying the behavior of complex systems where 
analytical formulations are not available. Statistical ex- 
periments can be carried out, including replication, which 
would otherwise be impossible directly in the factory. 
Computer simulation also provides a means for evaluat- 
ing some of the interdependencies in a production sys- 
tem, for example, determination of the correct balance 
of productive capacity with inventories resulting from 
queueing and customers service requirements. Factory 
layout, type of equipment, flow rates, single vs. multi- 
channel service centers, could be easily evaluated. Loca- 
tion, type, and size of buffer inventories could be estab- 
lished. Correct lot size in relation to productive capacity, 
queueing, and alternate flow paths could be evaluated. 
The significance of variability in time standards could 
be determined in relation to the planning and execution 
of a production program. Simulation could assist in these 
and many other problems still requiring further research. 

Probably one of the most fascinating aspects of simu- 
lation is the possibility of direct application to factory 
control. When new products are manufactured, or the 
mix changes, the impact on factory facilities could 
Decision rules 


quickly and accurately be evaluated. 


could be tested continuously to determine their suit- 
ability. The computer provides a laboratory where com- 
plex production problems can be examined. A_ better 
understanding of the behavior of production systems will 
lead to improved decision rules. The present research has 
demonstrated that computer simulation and Monte Carlo 
sampling are powerful methods for the evaluation of pro- 
duction decision rules. Futher research with these tools 
will undoubtedly yield considerable insight and theory 
on which to base optimal production systems design, 
much as mechanical, electrical, and other systems are 


now designed 
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young, dynamic and growing rapidly. As all of vou know “ 1 : 
; ' know, Raymond Villers, Chairman, Organization Planning and Re- 


the American Institute of Industrial Engineers has only search Committee 
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enjoved an almost. unbelievab! wth. resuitine i These gentlemen first isolated the major problems 
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we could expect. son owing pains.” which existed in our present organization. Some of the 
ld ex] , Some “growing pains ‘ 
During the past three or four years, many changes most important follow: 
have been required in our organization structure and it ‘hapter cognizance regarding activities being carried on by 
as 9 ally : aac% — | ; the national officers and committees was inadequate. 
has generally kept pace with our growth. Only last year 
; P . There was considerable overlap of project work within the 
we were forced to increase from six to ten regions. How- 
various national committees 
ever, during the past year more and more problems have 3. A minimum of continuity existed as regards the Executive 
been brought to the attention of the Vice Presidents by Committee, the Board of Trustees and the national officers. 
the membership throughout the various regions. As a Control procedures existed with little or no enforcement 
result of this “feedback” it became apparent that a seg ; . . , 
ataiiale Saks ob ; P There was an inconsistency of dates, such as the term of 
1\OTrOULH LOOK at Our Organization structure was In order, . . . P 
7 office for national officers and national directors. (May for 
not only to correct some OI the current problems but also officers: October for directors.) 
to place us in a position to meet many of the new prob- }. Little or no representation in the area of professional ad- 
lems which will be created during the next few years vancement and long range planning existed on the Executive 
Last spring it was evident that we should go ahead Committee and the Board of Trustees 
Too many functions reported to the President and to the 


First Vice President, making it very difficult for these func- 


with a complete study of the national organization. Your 
were ' — ee ee 

president, with the concurrence of the Executive Com tions to receive adequate coordination and leadership from 

mittee, appointed Mr. Jack F. Jericho, our National the top officers of the Institute. 

First Vice President, to chair a special committee to The organization did not provide for a committee on condi- 

tions of practice and ethics for Industrial Engineering. 


study this problem He selected a committee consisting : 
No central bureau existed where the chapters could go for 


of the following well-known members: . oe 
assistance in selecting top professional speakers who were 


Warren E. Alberts, Board Member-at-Large qualified in the technical aspects of Industrial Engineering 
George Gustat, Immediate Past President for use at chapter meetings and conferences of any type. 
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Several proposals were developed, taking into con- 
sideration the ideas from all committee members. These 
proposals were presented to the Board of Trustees at the 
October 17, 1959 meeting and with some minor changes 
the basic plan of re-organization was adopted. A copy 
of the new organization charts are shown in Figure 1 and 
Figure 2. Pending approval by the membership of the 
Constitution changes which are required as a result of 
this new plan, the organization will go into effect with 
the 1960-61 administration. While no organization struc- 
ture can possibly eliminate all of the problems which 
exist in a society as dynamic as ours, your present na- 
tional officers and board feel that the new structure is 
definitely a major step forward in the history of the 
American Institute of Industrial Engineers. 

To give each of you a feel for some of the improve- 
ments made, it might be in order to discuss some of the 
major areas in more detail. For instance, in the current 
organization, ten functions report directly to the Presi- 
dent. Under the new structure only five officers will re- 
port to him. In the present structure, eighteen different 
functions report to the First Vice President. Now, only 
eight will report to this man who is re-identified as Ex- 
ecutive Vice President. I think all of you will agree that 
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National Organization Chart 


this should greatly relieve two of the key officers, making 
it possible for them to do a better administrative job. 

To bring about strong continuity in the long range 
development of the Institute, particularly in the area of 
professional development and professional relations, re- 
search, and long range development of policy, a new posi- 
tion, Vice President—Professional Services and Planning, 
has been established. 

Directors for each of the foregoing functions will re- 
port directly to this new position. This new Vice Presi- 
dent will also become a member of the Board of Trustees 
and the Executive Committee, which will regularly ex- 
pose him on a monthly basis to the many problems re- 
ceived from the chapters. This should enable the long 
range group to get a better feel of the problems which 
are encountered by the backbone of our organization, 
our membership. 

The national chairmen heading up the functions which 
are closely related to the month-to-month operation of 
the chapters will report directly to the Executive Vice 
President. This change and the creation of the Profes- 
sional Services and Planning Group, will certainly reduce 
the overlap of effort which has existed for some time be- 
tween many national committees. 
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During the past few years, many of us have encoun- 


tered problems in getting clearance and approval for 


conferences. We have complained about delays in getting 
membership applications processed, and many of us have 
been concerned that we really do not know what is going 
on in the national organization. 

While it is not possible to eliminate all of the irrita- 
tions, we are confident that placing more activities under 
the control of the Executive Secretary is a step in the 
right direction. Another area of complaint, which has 
been heard so often in the past, is the lack of coordina- 
tion in publications. With the newly created job of Vice 
President 


ated. This centralized function should be able to provide 


Publications, this problem should be allevi- 


single source answers to our most vexing problems. 

Any time a new organization is developed, new posi- 
tions are established. Let’s look at some of these impor- 
tant functions. 


1. A chairman has been established for 


There has been a great need for more development in this 
I 


community services 


irea, and it will p the chapters in knowing what can be 
done in contribut to the betterment of the community 

Another newly created job is the chairman of conference 
budgets. There has been a need for this type of guidance for 
confident that 


some time, and we aré development work 


which can be done by this chairman will greatly enhance our 
financial situation. 

3. For some time many of the leaders in the Industrial Engi- 
neering profession have indicated a need to establish condi- 
tions of practice and ethics for our work. The new organiza- 
tion provides for this and while it will take some time to 
develop the needs of enforcement and controls in this area, 
a start has been made. 

4. The Professional Relations Committee has traditionally been 
one of our largest and most active bodies. In recognition of 
the outstanding contributions to the recognition and en- 
hancement of status of our profession, this activity along 
with professional development is assigned to a very promi- 
nent role in the new organization. 


While many details still remain to be worked out, such 
as the development of specific job descriptions, we are all 
confident that the new organization of the American In- 
stitute of Industrial Engineers will enable our society to 
meet the many challenges which lie ahead during the 
Sixties. After the new organization structure has been in 
operation for a few months it is possible that some minor 
refinements may become necessary. I am sure that all of 
you will be patient with the next administration until 
they can get all of the “bugs” worked out. I know that I 
am speaking for all our members when I pass along a 
deserving “well done” to Jack Jericho and his committee. 
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ANNUAL REPORT ENGINEERS JOINT COUNCIL 
ACTIVITIES 

The AIILE is one of the 10 constituent societies that make up 
the Engineers Joint Council. During the past vear we participated 
on 12 major committees of the EJC in addition to being repre- 
sented on both the Board of Directors and the Executive Com- 


mittee 


Constitution and By-Laws—(Mr. Irving A. Dellhoff) 

This committee considers proposals for changes in the Consti- 
tution and By-Laws of the EJC and makes recommendations to 
the Board of Directors. In 1959 a study was completed of the term 
of office of members of the Engineering Manpower Commission 


Employment Conditions—(Mr. R. A. Engle) 


A report was prepared showing the trend of union activities 


over the last 3 years on engineering campuses. A copy of this 
study was submitted to all constituent societies for their informa- 
tion and use 

A study was completed but not yet issued on the subject of 
safeguarding confidential company information 

A current backlog exists of 30 projects for this committee to 
study 


Engineering Manpower Commission—(Mr. Clifford H. Doo- 


littl, Mr. C. R. Boyer and Mr. J. F. Jericho) 


During the year, the commission published reports summarizing 
the results of two major surveys conducted during the vear: De- 
mand for Engineers, and Engineering Graduate Placement. A re- 
lated special study was also made of trends in Freshman Engineer- 
ing enrollment 

Work is continuing in coordination with the Scientific Man- 
power Commission to find a satisfactory approach to implement- 
ing the recommendations developed in the study on Government 
Contract Procedures and Engineering Manpower utilization 

The EMC continued to issue jointly with the Scientific Man- 
power Commission, The 


Vewslette 


Engineering and Scientific 


V anpowe r 


Engineering Sciences—(Dr. J. M. Juran) 

As a result of a study by this group the EJC has submitted a 
proposal to the National Science Foundation asking for a grant of 
$34,000 with which to prepare 
National Engineers Register 


a plan for developing a complete 


This committee also submitted recommendations to the Presi- 
dent of the United States for appointments to the Board of Direc- 
tors of the N itional Science Foundation 
An effort is also under way to secure increased funds from the 


National Science Foundation for engineering research 


Honors for Engineers—(Dr. William J. Jaffe) 

This group has under study the advisability and feasibility of 
a “Hall of Fame for Engineers.” In addition, this committee is 
responsible for submitting the names of Engineers to the Hall of 


Americans that is housed at NYU 


Fame of Great 


140 The Journal of Industrial Engineering 


One future project of interest is the selection of individuals for 
nomination for the National Medal of Science 


International Relations—(Professor David B. Porter, Mr. 
Lloyd Smiley and Mr. Samuel Stephenson) 

The chief responsibility of this committee is to cooperate with 
engineering groups in other countries. Its major area of activity 
has been with the Pan-American Federation of Engineering Soci- 
eties in connection with the Sixth Convention to be held in Ar- 
gentina in September, 1960. This group is also participating in a 
Pan-American Conference on Engineering Education in coopera- 
tion with the American Society of Engineering Education 

This group is also responsible for arranging the exchange of 
students between countries for training within industry 

In December, 1959, the Committee was host at a meeting with 
Science Attaches of Foreign Countries held in Washington 

A future project of interest is the possible formation of a Pacific 
Far East Federation of Engineering Societies 


Membership Committee—(Mr. Arthur C. Seccia) 

During the past year this group reviewed and recommended 
for approval the requests of the North Carolina Society of Engi- 
neers and the American Railway Engineers Association for mem- 
bership in the EJC 


Public Relations—(Mr. O. J. Feorene) 

The most significant accomplishment of this committee was on 
the publie service advertising program undertaken early in the 
veal 

Space was purchased in Editor and Publisher that was seen by 
20,060 publishers, editors, reporters, and radio and TV newsmen 
with the object of improving their understanding of engineers 
and engineering 

Reprints of these ads and other publicity releases also reached 
editors of 100 
publica- 


the editors of all member society publications; 
company magazines, and 348 Engineering and Science 


tions in this country 


National Engineers Committee—(Mr. John Shelton) 

The chief responsibility of this committee is to assist in the 
formulation of sound policies respecting national affairs wherein 
the engineering profession can be helpful through the 


services 


and advice of its members 


Recognition of Specialties—(Mr. Warren E. Alberts) 
The responsibility of this group has undergone a basic change 


Its new charge is to investigate and make recommendations on 
the ways and means of bringing about further cooperation among 
member societies. This is an Important change in direction and 


one which is of vital interest to us 


EJC-ECPD Committee on the Practice of Engineering—(Mr. 
Henry Owades) 

This group has been working on a policy on the corporate 
practice of engineering. There is much work yet to be done before 


unanimity between all the member societies can be achieved 


Who’s Who in Engineering—(Col. Frank F. Groseclose) 

The past year has been spent in working with Deans and 
Alumni Secretaries in seeking out and recommending to Editors 
of Who’s Who in Engineering those engineering graduates whose 
records for the past 10 years or more clearly show inclusion of 
their accomplishments would be of special value to the areas of 


the publication 


Automation Committee—(Dr. A. W. Rathe) 
This committee is charged with an examination of the broad 
field of automation and to report the recommendations as to 
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what action EJC might take in preparing a comprehensive study 
of this field 
AIIE has been represented on both the 


During the past year, 
Committee by Dr 


EJC Board of Directors and 
A.W. Rathe, with Mr. H. Ashcroft, Ji 
In addition to the work 


committees tour task forces were 


the Executive 
alternate 
EJC 


re sponsi- 


carried on in connection with 
issigned with specifi 


bilities during the past vear 


Requ ements for AIlE Dele- 
Chairman, Dr. W. J 


A Ta h Fo ce to Dete mine the 
gates to the kJt Mr tobert S Rice 
Jaffe and Mr. Morley Mathewson 


This task 
had been 
the Board of Trustees in O¢ 


de adline that 


submitted to 


force completed its study before the 


recommendations were 


1959, by Dr 


established. The 


tober Zathe and ip- 


proved at that time 


Ashcroft, Jr 
Yaklevich) 


Fores Mr. Herbert 
Alberts and Mr. John 


ort to Dr. Rathe recommending 


the principal delegates be three 
succeed the principal delegate, 
EJC 
and re- 


task 


ilternates be 

Board ol 
Committees and further 
sponsibilities of AIITE Delegates should be 


the personnel selected for 
that the 


defined 


| rustees 
duties 


This 


commending 


force expects to com} lete its work ear 


she lton ) 


Mr. John R 


i policy state- 
EJC Com- 


proce- 


AILE 


necessary 


prepare 


used members on 
ind also to 1dmiunistrative 
be followed by 


f both 


pou ind procedures has been com- 


ind ts in tl 


Committees 


Arthur C 


onnel fo EJ 
rving A Delloff ind 


Seccia) 


All National Officers, Board Members at large, Chapter Presi- 
dents, Past National Presidents and 
Members of the Professional Re 
for recommendatio f indi 
Committees. As a lt of thi 
Indust 


country has been prepared 


fegional Vice Presidents and 
contacted 


EJC 


preliminary list of thirty 


lations Committee were 


iduals qualified to serve on 
s survey 
outstanding gineers holding down responsible posi- 
tions in this prey 
background is now being accumulated 


Complete 


intorm 


individu ind a summarized list will be sub- 
mitted to the chairm f the Professional 
April, 1960. After 


lrustees this list 


for each of these 
felations Committee 
wr before the first approval by the Chair- 
used to fill va- 
EJC 


was charac- 


ind the Soard of will be 


incies Or hew positions arising from relationships with the 


Generally speaking, Industrial Engineering activity 


terized by act intelligent, and well received participation that 


reflects our in insisting that only outstanding 


ligment 


members o r profession be assigned the responsibility of rep- 


resenting the AIIE in the Engineers Joint Council 


/ 


ily submitted, 


FEORENE. Director, EJC Affairs 
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AUTOMATION 


“Engineering Application of Digital Computers,’ H. D. Irwin, 
MECHANICAL ENGINEERING, page 49, January 1960. 

Are computers worth while, and are they being used effectively? 
This question discussed from the viewpoint of the practicing en- 


gineer. (J. M. Barksdale—Ethyl Corporation) 


Nation's Smaller Office?” 
19, October 1959. 


“What's Ahead in Automation for the 
Robe rt N. 


Computer manufacturers are pushing service center concept as 


Smith, OFFICE MANAGEMENT, page 


ohne answer to small concerns’ dilemma over high costs. 
“LACT: 4 Years Old and Growing Fast,” 
JOURNAL, page 76, December 7, 1959. 


In many crude oil fields a new and inexpensive Lease Auto- 


THE OIL AND GAS 


matic Custody Transfer system is gaining increasingly wider ac- 
ceptance. Advantages are—elimination of expensive tankage, in- 
creased value of the oil, increased safety and drastic reductions 
in paper and record work. Fully automated oil and gas production 
within 5 years using digital-computer control is now being pre- 


dicted. (A. L. Friedrichs—Ethyl Corporation) 


GENERAL 
“You Told Them 
ENGINEERING, December 14, 1959. 
Conflict 
mind is still a fundamental and unresolved preblem in American 


You're Unhappy,” R. F. Fremed, cHemMicar 


between the engineering mind and the management 


industry, according to a study just released by Opinion Research 
Corporation (ORC), Princeton, NJ. ORC reports that engineers 
and scientists working for large corporations are anything but 
happy with their lot. This frank and objective article lists basic 
conflicts between managers and engineers, gives reasons behind 
the conflicts and discusses new approaches to resolving the con- 
flicts. (J. M. Barksdale—Ethyl Corporation) 


“Here's Easy-Way Job Scheduling,” H. R. Reep, ractory, page 
67, December, 1959. 

A template and a tabular report banish scheduling problems 
for General Electric in many plants where several thousand prod- 
uct variations are assembled from stock and non-stock subassem- 
blies, for which specifications and raw materials are already avail- 
able. A print-out report totals cycle time for each component, 
shows various manufacturing areas and capacity, several weeks 
ahead. The right template, placed over the print-out report, re- 
veals loading, week by week, for sequential manufacturing areas. 
(B. M. Bryant—Ethyl Corporation) 

“Chart Your Way to Better Maintenance,” 
December, 1959. 


Looking for better maintenance productivity? One way to get 


FACTORY, page 148, 


it, maintenance experts say, is by better supervision. Give your 
supervisors the right facts to make intelligent decisions. Manage- 
ment people at Aluminum Company of Canada have found that 
four simple trend charts telegraph the facts: 
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1. Crew Work Backlog 
2. Percent of Work Planned 
3. Job Estimate Accuracy 
1. Performance Index 
VW. Bryant—Ethyl Corporation 
Developing Manag 


CAL ENGINEERING, page ), January 1960 


al Abilities, MECHANI 
There is wide spl ad experimental literature to prove that about 
e fourths of the best 
These 


interpreted, point to an individual who is emotionally mature and 


managers share certain common charac- 


teristics characteristics, when spelled out, digested, and 


relaxed, not likelv to take it out on others, ipt to have time for 
planning and pe rsonnel proble ms J VU. Barksdale Et} jl Cor- 


j 
porattor 


“Obligations of 


Glenn B. Warren, 
ENGINEERING, page 51, January 1960 


Engines MECHANICAL 


If cant se bevond our protession, the profe ssion suffers 
Here ire 


ciety’s Semi-Annual 


excerpts from President Warren’s address at the So- 


if eting 


i directive to engineers to broaden 
both their thinking and active participation in public affairs. (J 
V. Barksdale Ethyl Co poration) 

Fou VW ay Production On Your Present Plant Site 
J. R. Walley, tron ace, page 109, Decembe 3, 1959 


to spu 


\{ proven four-way system should help every company meet 
the heavy demands ol the comimg boom without adding floor 


space to your present plant 


ntific Management Wage Theories,” James 
H. Greene, ADVANCED MANAGEMENT. page 16. November 1959 
The absence of definite statements on wage theory in the writ- 


ings of F. W 


wage theories for one or mors 


Taylor has led the author to search the history of 
to which Taylor would subscribe 
In this article, the classic wage theories are first discussed briefly 

then each is scrutinized in the light of the 


the “Father of Scientific Management 


ivailable writings of 


The Boa 1 of Di ecto Its C'omposition and Si nificance, 
I grt) 

Robe t k and Rhea H West, J 

AGEMENT, page 8, November 1959 


With the 


corporate objectives are frequently blocked bv conflicting inter- 


Kennedy, J ADVANCED MAN- 


general separation of management and ownership, 


ests among public opinion, consumers, employees, stockholders 


ind government 
Board of Director 


Successful reconciliation may depend on the 


sing Retired Exrecuti s as 
Thomas N. St Hill and Waino W 


MENT, page 4, November 1959 


Teache or Bu ines 


Suojanen, 


Pol Y, ; 


ADVANCED MANAGE- 


Not only do students benefit from a close relationship with a 
real” executive he is also one of the factors to be considered 
by the university 


1dministrator faced with a shortage of profes- 


sional instructors 


Our Present Industrial Troubles—And The Office,” Robert M 
Smith, OFFICE MANAGEMENT, page 21, November 1959 

Labor’s current last-ditch fight against changes in work rules 
may foreshadow new interest in office unionization 


How Real Is The 


DUSTRIAL RESEARCH, Summer 1959 


Enginec Sho tage Earl C. Hubicek. IN- 

There has not been one year in this decade when the require- 
ments were satisfied by hirings. This shortage has driven starting 
salaries up 83% in the past ten years—this year’s average is esti- 
mated at $475. Salaries of experienced engineers have not kept 
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pace. This combination of factors is fostering job changing of 
Another detri- 
mental factor is the use of engineers as non-professional techni- 


experienced engineers at an unprecedented scale 
cians. There is no strong desire to stay in the technical field, and 
is looked upon as the only route to ad- 
Ethyl Corporation) 


the managerial route 
vancement. (A. L. Friedrichs 


MATERIALS HANDLING 


W. Bent and Vaughan 
Spalding, MATERIAL HANDLING ENGINEERING, page 80, Novembe 
1959. 

Transportation authorities have little doubt that containeriza- 


“The Economics of Containerization, ° ( 


tion, the principle of using a physical “envelope” to consolidate 
a large number of individual packages or units for shipment, is 
the next major development in transportation. Containerization 
is a concept combining transportation with packaging, material 
handling, and distribution and can bring lower handling costs 
ind speedier shipments for many companies, both large and small 
(N. E Spa ks Eth yl Co po ation) 


“How to Select Your Drive System,” W B. Wilson and 1. H 
Landes, OIL AND GAS JOURNAL, page 113, December 7, 1989. 

In 1955 and 1956, the chemical and petroleum industries spent 
over 2 billion dollars for their purchased fuel and electric-power 
requirements. This cost for energy is 15% greater than the total 
expenditure for new machinery and equipment during this same 
period. Thus the importance of proper drive equipment is brought 
home 


“A Look at Future Needs,” Lt. Colonel G. A. Davies, US AF 
MATERIAL HANDLING ENGINEERING, page 56, December 1959 

The author outlines the tremendous material handling problems 
to be faced by the Air Force in the Space Age. To meet the ac- 
celerating demands, he mentions such possibilities as spray-pack- 
aging Ol parts on a fast conveyor line, photographic labeling of 
packages on a conveyor line giant pneumatic conveyor system 
and rocket transportation of cargo. (N. E. Sparks—Ethyl Corpo- 


ation) 


QUALITY CONTROL 


“How Value Analysis Promotes Bette Product Acceptance 
R. H. Eshelman, tron ace, page 117, November 19, 1959 

Why over-design? All the end user wants is performance 

Give your own work-force the job of frill-cutting. But it takes 
1 real system to put it into practice 


Product Quality: Pretty Good Isn't Good Enough,” Frank 
H. Squires, THE MANAGEMENT REVIEW, page 18, October 1959 

Quality control should control all activities that affect the 
quality of the product, including the sources from which raw 
materials and components are purchased and the fabricating proc- 
ess within the plant. This function with such widespread influence 
should not be subordinated to any single departme nt. It is essen- 
tial that top management be involved since it alone can give 
sufficient authority to the board controls that are necessary. (A 
L. Friedrichs—Ethyl Corporation) 


Hou to Lose At The Quality Control Game “ee 
Sooy, QUALITY CONTROL, page 14, October 1959 


B ainard E 


A lack of knowledge, a certain amount of bull-headness and 
disregard for the laws that govern men’s actions and reactions can 
cause failure in a Quality Control program. Starting with too larg: 
an organization, using complicated control charts and unintelligi- 
ble reports, and making himself and his inspectors unacceptable 
to the workers and supervisors, will assure the failure of a Q. C 


engineer (A. L Friedrichs Eth yl ( ‘orporation) 
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SYSTEM AND PROCEDURES 
Tomo ou s ( hall nge had T he Editors 


DUN’'S REVIEW AND MODERN INDUSTRY, September 1959 


“The Office Prepares fo 


In most companies, the cost of office operations is rising year 


by vear. Despite some successes in individual concerns, manage- 
ment as a whole is still a long way from getting the paperwork 
under control. This eight-part Special Report to Management 
examines changes that are now taking place in office 
perations | aere he nation, as management prepares for a 


decade of ¢ | l J.-M Ba ksdale 


Ethyl Corporation) 
Hou 4 ( r lant Pane DO / ft by este E. Bond, 


OFFICH MANAGEMENT pe 4 Olclode 


Production is speeded, too, by defense contractor under new 


simplified system processing purchasing orders at Vinson Mfg 
Co 
‘Every Order Fillee 1 Da anley J. Dziuban, orrict 
MANAGEMENT, page 5 
The proud sa 
installat 


Ana onda Wire and Copper 


ymmunications system to speed 


WORK MEASUREMENT 
Work Sampling in Ma 
1959. 
How ite ir Lin 1 d in lifting from 54% to 


FACTORY, page . y Dece mb 


it its San Francisco 


Co poration 


Machi ntifically,” Donald W 


OFFICE MANAGEM I page ovemobe 1959 


De Vos 


Direct observations f machine usage if random intervals 
ind in can furnish a reliable guide to need 


Another ay cation of the work samy ing technique 


BOOKS 
“Proce Ling o} Ey neering jointly 
ponsored by AILE and ASEE, Pittsburgh, June, 1959, THE ENGI- 


ECONOMIST ostle ’ fifut of Technology Hoboken. 


Economy Symposium, 


NEERING 


, £1000 


ind educators 


3s MEN, by Frank C. Pier- 


Book Company, Inc., New York, 


\MERICAN BUSI* 


Gra -H 


ENGINEERING ECONOMY 


The Macmillan Compar 


Paul De Ga mo, 


IDEAS FOR MANAGEMENT pe ( case tori ) i 
V eeting. Colver Gor- 


Association Publishe 


Building, Det ichigan, 1959, 440 pages 


BUSINESS EXPERIENCE WITH ELECTRIC COMPUTERS, by B. Conway, 
J Gibbons, D E. Wa 
pany, Neu Yo k, a Dp ) pa for Controlle 
earch Foundation, 11 
1959, 191 page 


of Price Waterhouse and Com- 
Institute, Re- 
ie, New York 16. New York, 


OPERATIONS RESEARCH Bibliography, by James H 
Batchelor. St. Louis Uni i , St. Louis, Missouri, 1959, 
$10 01 


5650 pages 


f 
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THE ANALYSIS OF VARIANCE, by Henry Scheffe, John Wiley and 


ay 


Sons, Inc., New York, 1959, 477 pages, $14.00. 


REGRESSION ANALYSIS, by E. J. Williams, John Wiley and Sons, 
Inc., New York, 1959, 214 pages, $7 50. 


METHODS OF CORRELATION AND REGRESSION ANALYSIS, Linear and 
Curvilinear, (Third Edition), Mordecai Ezekiel and Karl A. Foz, 
John Wiley and Sons, Inc., New York, November 1959, 548 pages, 


$1095. 


INDUSTRIAL COMPLEX ANALYSIS AND REGIONAL DEVELOPMENT, by 
Isard, Schoole r and Vue torisz, Te chnology Pre 88 of MIT and John 
Wile y and Sons, Inc., Ne Ww York, 1959, 294 pages, $8.75. 

COMPETITIVE INTELLIGENCE—Information, Espionage and Deci- 
sion-Making, by students at the Graduate School of Business Ad- 
ministration, Harvard University, Burton H. Alden, Byron C. 
Campbell, Thomas W. Courtney, Anilkumar M. Chandaria, Al- 
bert A. Ewald, John A. Griner and James B. Moffat, published by 
C. 1. Associates, Watertown, Massachusetts, 1959, 78 pages, $10.00. 


INDUSTRIAL ORGANIZATION, by Joe S. Bain, John Wiley and Sons, 
Ine Ne w York, 1959, 643 pages, $9 25. 


THE MOTIVATION TO worRK, by Herzberg, Mausner and Snyder- 
man, John Wiley and Sons, Inc., New York, 1959, 147 pages, $450. 


PROPERTIES OF MATTER, by F.C. Champion and N. Davy, Philo- 
sophical Library, Inc., New York, 1959, 334 pages, $10.00. 


MODERN ELECTRONIC COMPONENTS, by G. W. A. Dummer, Philo- 


ophical Library, Inc., New York, 1959, 472 pages, $15.00. 





BANNERS FOR SENIOR AND 
STUDENT CHAPTERS 
Cost $75.00 


4 x 8 ft., blue and gold felt, with a blue, gold and 
white embroidered AIIE insignia in the center 
Available from: AIIE Headquarters 
145 North High Street 
Columbus 15, Ohio 


(Allow about six weeks for manufacture 
and delivery) 








MANAGEMENT ENGINEER 


for employment in Vice President Research and Planning 
Department of large railroad, East Coast US., to develop 
and install cost reduction programs. Industrial engineering 
graduate preferred. Minimum of six years business experience 
including three years in the areas of cost analysis, budgetary 
control, work measurement, methods improvement and with 
a successful record of selling recommendations to manage- 
ment. Competitive starting rate and unusual opportunities 
for promotion. Liberal pension, insurance and medical bene- 
fits. Can arrange for graduate courses in Operations Research 
and Systems Engineering. Send complete resume in confi- 
dence to Box N. 
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A. French Bldg., 225 North Ave., N.W. 
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CALENDAR 
April 21-28: American Society of Tool Engineers 1960 Tool 
Show and Annual Convention, Artillery Armory, 15000 W. 8 Mile 
Road, Detroit, Michigan. (Technical Sessions 
Hotel, Detroit, Michigan.) Write: Harry E. Conrad, Executive 
Secretary ASTE, 10700 Puritan Avenue, Detroit 38, Michigan 
June 6-10 


cult-to-machine 


Sheraton-Cadillae 


Machinability Seminar emphasizing the new diffi- 

materials will be held on the campus of The 
Pennsylvania State University from June 6-10, 1960. For addi- 
Machinability 


Pennsylvania State 


tional information, write Seminar, Conference 
Center, The 


Pennsvlvania 


University, University Park 

June 6-16: Short Course on Operations Research Methods will 
be held at Purdue University. The course has been designed specifi- 
cally for statisticians, quality control analysts, engineers, and other 
technical personnel in industrial and management positions. Write 
Short Course on Operations Research Methods 
Office 
Room 110, Purdue University, Lafavett 

June 6-17 


Comptroller's 


University Extension Administration, Memorial Center, 
Indiana 
Intensive Course in Operations Research and Sys- 
tems Engineering for business, industrial and government person- 
nel. This course will be held at the Homewood Campus of the 
Johns Hopkins University in Baltimore. For further information, 
write: Dean, School of Engineering, The Johns Hopkins Uni- 
Baltimore 18, Maryland 

June 12-25: Seventh Annual Training Course in Materials Han- 
dling and Packaging, Lake Placid Club, Lake Placid, New York 
Write: James R. Bright, Director, The Industrial Management 


Center, 56-J Robbins Road, Lexington, Massachusetts 


versity, 


June 13-22: A nine-day course entitled “Industrial Statisties and 
Quality Control for the Chemical and Processing Industries” will 
be held at Rochester Institute of rechnology, Rochester, New York 
Write: Harold M. Kentner, Assistant Director of Extended Serv- 
ices Rochester Institute ol Technology Rochester 8 New York 
June 14-17: Industrial Engineering Seminars, Cornell University, 
Ithaca, New York, for managers and professional staff. Participants 
enroll in one of the following groups and also attend general ses- 
sions: A. Industrial Management, B. Engineering Administration 
(. Operations Management of the Smaller Company, D. Work 
Measurement, f 
F. Statistical Decision-Making: Theory and Applications, G. Sta- 
tistical Reliability 


will be from industry and the staff of Cornell University. For addi- 


Systems Simulation Using Digital Computers 


Analysis: Theory and Applications. Leaders 
tional information write: J. W. Gavett, Seminars Coordinator. De- 
partment of Industrial and Engineering Administration, Upson 
Hall, Cornell University, Ithaca, New York 

June 19-22: The Seventh National Conference on Campus Safety 
sponsored by the National Safety Council will be held at Cornell 
United 
States will view demonstrations by a large number of exhibitors 


University. Campus safety officials from throughout the 


of new equipment and approaches to solving college safety prob- 
lems. Registration and housing information may be obtained from 
Francis J. Quinlan, Assistant Supervisor, Safety Division, 101 Day 


H ill, Corns ll Unive rsityv, Ithaca New York 
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June 20-24: “Recent Industrial Engineering Developments,” 
College of Engineering, The University of Michigan, Ann Arbor, 
Michigan. Write: R. E 
mer Conferences, College of 
Michigan, Ann Arbor, Michigan 

June 23-30 
Chemical and Processing Industries” will be held at Rochester In- 
stitute of Technology, Rochester, New York. Write: Harold M 
Assistant Director of Extended Services, Rochester Insti- 
tute of Technology, Rochester 8, New York 

Sept. 30-Oct. 1: 1960 Western Regional Conference AIIE, Salt 
Lake City, Utah. Write: Mr. H. D. McTague, Chairman, 1960 
Western Regional Conference, P. O. Box 510, Provo, Utah 

November 14-18: ASTE 1960 Western Tool Show and 28th 
Meeting, Sports Arena, Los 


Carroll, Coordinator, Engineering Sum- 
Engineering, The University of 


A course entitled “Design of Experiments in the 


Kentner, 


Angeles, California 
(Technical sessions—Ambassador Hotel, Los Angeles, California.) 
Write: Harry E. Conrad, Executive Secretary ASTE, 10700 Puri- 
tan Avenue, Detroit 38, Michigan 


Semiannual 


PERSONALITIES 


CHARLES A. BOGENRIEF 


The president of Robertshaw-Fulton Controls Company of Rich- 
mond, Virginia, announced in December that Charles A. Bogenrief 
had been elected Vice President, 

Manufacturing. Mr. Bogenrief has 

and Tool- 


ing. He is a registered professional 


been Director, Facilities 


engineer in mechanical engineer- 
ing, past president of the Los An- 
geles chapter of the Society for 
the Advancement of Management 
ind past national director of the 
Methods-Time-Measurement Asso- 
Standards and Re- 
search. Mr Boge nrief is past presi- 
dent of the 


of the 


ciation for 


Los Angeles chapter 
American Institute of In- 
dustrial Engineers. He has written 
several articles for trade maga- 


zines, and has presented papers before technical and professional 


groups. 


BEN S. GRAHAM 


Ben S. Graham, late director of the systems and proce dures divi- 
sion of The Standard Register Company, Dayton, Ohio. died on 
January 7, 1960, at the age of 59. 

Ben Graham had been long ack- 

nowledged as a pioneer and an in- 

ternational authority on the sub- 

ject of paperwork simplification, 

systems analysis and other related 

management techniques. A native 

of New York joined 

Standard Register in 1942 as a 

systems analyst. In 1944 he was 

transferred to the head office in 


City, he 


Dayton where he served in various 
capacities—as director of the form- 
craft division and director of meth- 
ods research. He was appointed di- 
rector of the systems and proce- 
dures division in 1957 

For more than 20 years Ben Graham pioneered in the field with 
which he became identified—the outgrowth of work simplification 


known as paperwork simplification. During that time he formed 
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Lillian Gilbreth, 
the two foremost proponents of work simplification 


close friendships with Allen Mogensen and Dr 


Throughout his career Mr. Graham did a great deal to stimu- 
late interest in his field through his discussions and presentations 
before business groups in the United States and Canada and through 
his lectures and special industrial training programs at such in- 
stitutions as M1.T., UCLA, New York University, Northwestern 
University, the University of Iowa, the University of Wisconsin 
and many others. He was a staff member of the Mogensen Work 


Placid, New York, and of the 


found Table, Wharton School, 


Simplification Conference in Lake 
University Work Simplification 
University of Pennsylvania 

Mr. Graham was the 
plific ition and a prominent spe iker before local and national chap- 
ters of NOMA, NAA and similar professional groups. He was a 


member and served in a national capacity for the Society for the 


1uthor of countless articles on work sim- 


Advancement of Management and the American Institute of In- 
dustrial Engineers. He was also a member of the American Man- 
agement Association, the Industrial Management Society, NOMA, 


NAA and the Society for Quality Control 


E. PAUL LANGE 


On March 7 Mr. I 
of the Engineers Joint Council 


Paul Lange, since 1954 Executive Secretary 
issumed office as Executive Secre- 
tarv of the American Institute of 
Industrial succeeding 
Floyd Titler who retired on April 1 


Mr. Lange is a man who is unl- 


Engineers, 


versally known and respected in all 
branches of the engineering pro- 
fession—in this country and many 
initials EPL 


ind ethics 


nations abroad; the 
stand for | itegrity 
is mucl they signily a proven 
record of society admuin- 
istration. This i matter ol very 
real significance to all AITE mem- 
bers, Jo nal readers, and the engi- 
neering fraternity as a whole 

principal hobby is stream 
fishing. H thing better than to cast a lure in an inviting 
trout pool his prote mn pacit e continues to work at his 
hobby—except his enthusiasm and compe- 
tence provide t timulus to motivate more and more members 
of our enormous p< ff engineering manpower into active and 


When 
in 1954 the Council consisted 


fruitful participat i ociet ctivities vwecepting the 


post of Exes 


of eight engineering soc 
170,000. U 


1 membership of approximately 
pon relinquishi on March 7. 1960, the Council 
had increased to thirt lationa ‘ ties and eight affiliated or 
local groups with a member 1 ’ rd of 300.000 all of this in 
1X years 

AIIE is extremely fort 


i dynamic leader such as Paul Lange 


unate in having as its Executive Secretary 

whose skills in the fields of 
planning, organization, and administration are of the highest order 

Paul Lange was born in Seattle, Washington, and received his 
Bachelor of Science degree in Mining Engineering from the Uni- 
versity of Washington. With the exception of a brief interlude in 
the Armed Services, he was actively engaged in mining and engi- 
neering activities from 1940 to 1954. His assignments took him to 
Alaska, Montana, and sever 


to the 


il locations in Saudi Arabia and South 
America. In addition technical engineering aspects of these 
assignments, he also worked in the areas of operational designs and 
layouts. For a period of two years, he served in the United States 
Armv Counter Intelligence Corps with headquarters at Bamberg, 
Germany. He was released to inactive duty as a First Lieutenant, 
United States Army Reserve 

In the course of his work as Executive Secretary of EJC, Paul 
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instituted many innovations in the administration of the Council’s 
activities. He is a great believer in stimulating new memberships 
to a society at the personal man-to-man level and, more important, 
keeping these memberships active. 

As a help towards the motivation of active membership, he is 
fully aware of the Institute’s responsibility to bring the conferences 
to the members—not the members to the conferences. Many of 
our major industries in this country are concentrated in reasonably 
small geographical areas such as aircraft industries on the west 
coast, textiles in the southeastern area, etc. He has found that if 
the agendas of the regional and local society meetings are related 
to the industry or industries which are predominantly present in 
the respective geographical areas, the participation and attendance 
at these meetings will be greatly increased. The fact that a society 
is, in this manner, taking active interest in the problems of the 
geographical areas acts as a direct stimulant to the generation of 
new and actively participating memberships. He believes that na- 
tional meetings serve a very useful purpose and are very beneficial 
to AIIE in advising the membership of the overall progress it is 
making as a society within the EJC and the entire engineering 
fraternity. He emphasizes, however, that the real work must be 
done at the grass-roots, the regional and local levels. 

AIIE can be sure that Paul Lange will give unstintingly of his 
enthusiasm and dynamic leadership as our Executive Secretary. 
He looks upon Industrial Engineers as the younger, up-and-coming 
group of engineers who can render invaluable service to this coun- 
try by closing the gap between technical engineering and manage- 
ment. Industrial Engineers, in addition to possessing competent 
technical background, must also be skilled in human engineering 
and economics. Only by so doing will they truly achieve cheir 
rightful place in the management complex 

Paul is a member of the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers; the American Institute of In- 
dustrial Engineers; the American Society of Mechanical Engi- 
neers; and a Fellow in the American Association for the Advance- 
ment of Science. He is forty-three years old and, with his wife and 
two children Marjorie 5% and John 4, lives in Great Neck, Long 
Island, New York 


PAUL N. LEHOCZKY 

Dr. Paul N. Lehoezky was one of the three members appointed 
by President Eisenhower to a fact-finding board to inquire into 
the steel strike of 1959. The other members are Chairman 
George W. Taylor of the University of Pennsylvania and Dr. 
John A. Perkins, president of the University of Delaware. 

The board reported to the President October 19 what the issues 
in dispute and the position of the parties were, and the govern- 
ment proceeded under the injunctive provisions of the Taft- 
Hartley Act in a move to re-open the mills. 

Dr. Lehoczky’s arbitration practice has been chiefly in the basic 
steel industry, steel products, glass, chemical, rubber, aircraft and 
metal-working industries. He is permanent arbitrator for a num- 
ber of contracts including Pittsburgh Plate Glass, Westinghouse 
Electric and Manufacturing (on work standards); Firestone Tire 
and Rubber (panel member); Goodyear Tire and Rubber (south- 
ern textile mills); Seagrave Corporation (panel), and others, and 
in the past has served in similar capacity for Goodyear Aircraft; 
Libby Owens Ford, and others. He is chairman of a three-man 
board empowered to write certain sections of the labor contract 
which could not be resolved after a 142-day strike between the 
Pittsburgh Plate Glass Company and the United Glass and 
Ceramic Workers 

His interest is primarily in engineering disputes involving job 
evaluation, wage evaluation and incentives, but he has handled 
all other kinds of disputes. 

Dr. Lehoczky has been engaged in the consulting field since 
1930, also primarily in basic industries. He was a panel chairman, 
technical expert and arbitrator with the National War Labor 
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3oard and National Wage Stabilization Board from 1943 to 1946, 
Commissioner of Conciliation (technical) for the Federal Media- 
tion and Conciliation Service 1946-47, and adviser to the Ohio 
Industrial Commission 1941-56. He was Ohio representative to 
the National Pressure Vessel Inspectors’ Board, 1940-44; Ohio 
ASME Boiler Code Committee, 1940-44; 


or five years member of the 


representative of the 


Ohio Apprenticeship Council; mem- 
ber of the National Academy of Arbitt itors, 
of Industrial Engineers, Life 


American Institute 
Member of the American Society 
of Mechanical Engineers, and others. He is past chairman of the 
Industrial Engineering Division of the American Society for En- 
gineering Education and member of the Society’s Council, 1946-47 

\ registered Mechanical and Industrial Engineer (Ohio), Dr 
Le ho zky IS a gl iduate ot Case Institute of Te chnology, 1927, and 
holds master’s and Ph.D. degrees from Ohio State 

In addition to attaining a distinguished career in education, he 
has become one of the nation’s leading arbitrators of technical 
labor-management disputes and in this capacity has arbitrated 
over 2400 labor-management dispute issues 

Dr. Lehoezky has been with the Department of Industrial En- 
gineering at The Ohio State University since 1928 and Chairman 
of the Department since 1944 


SAMUEL S. STEPHENSON, JR. 


Mr. Samuel S. Stephenson, Jr., Vice President-Intersociety Re- 
lations has been elected to the Board of Directors of The Tech- 
nical Societies Council of New York. This organization consists of 
representatives of the major engineering societies in the New York 
urea. Mr. Stephenson’s election to this important office demon- 
strates the growing recognition of Industrial Engineering and the 
American Institute of Industrial Engineers, as well as Mr. Stephen- 


son’s many accomplishments in the engineering profession 


RALPH W. UPDEGRAFF 


Henry A. Tobey, Vice President in Charge of Manufacturing, 
Bearing and Rock Bit Divisions of the Timken Roller Bearing Com- 
pany, announced the appointment 

of Ralph W. Updegraff to the post 

of General Factory Manager, Bear- 

ing and Rock Bit Divisions of the 

Timken Roller Bearing Company 

effective December 3, 1959. Upde- 

graff, who started with the Timken 

Company in 1948 as an Industrial 

Engineer, progressed successively 

Industrial Engineer, 
Chief Industrial Engineer of the 


oO senior 


Canton Bearing Factory, Chief In- 
dustrial Engineer of The Timken 
toller Bearing Company, and in 
1957 was named General Superin- 
tendent of the Canton and Gam- 

brinus Bearing Factories, the position he held until his recent ap- 
pointment. A registered Professional Engineer, Updegraff graduated 
from Ohio Wesleyan University. He attended Columbia Univer- 
sity and, under the sponsorship of the Timken Company, the In- 
stitute for Management at Northwestern University. He is an 


‘ 


active member of AIIE and has served as Treasurer since 1957 


FINANCIAL STATEMENT OF THE DWIGHT D. GARDNER 
SCHOLARSHIP FUND 


As required by the Constitution of the Dwight D. Gardner 
Scholarship Fund, an audit was made for the thirteen-month pe- 
riod of December 1, 1958, through December 31, 1959, by W. E 


Truitt, Assistant Treasurer and Comptroller, Commercial Motor 
Freight, Inc. and is published as follows 
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Balance as of December 1, 1958 
Deposits 
Interest Earned 


$3,168.67 
$1,251.49 
183.29 


1,434.78 
$4,603.45 
250.00 
$4,353.45 
The cash balance of $4,353.45 is the amount held in the Central 
Savings and Loan Company, 46 East Gay Street, Columbus, Ohio 


Total 


Disbursements 


Balance as of December 31, 1959 


INDUSTRIAL ENGINEERING APPLIED TO WATERFRONT 
WORK METHODS 


Modernized longshore work methods will be tested this month 
by scientists and Industrial Engineers of the Maritime Cargo 
Transportation Conference, a part of the National Academy of 
Sciences-National Research Council. The tests, to be undertaken 
with the cooperation of the Navy at its Oakland Supply Center, 
are an attempt to find what can be done to improve production 
ind reduce waterfront cargo handling costs 

The Oakland experiments are part of a project begun in the San 


Francisco Bay Area two years ago by MCTC. The project is a 
scientific study of the turnaround time of general cargo ships 
Both labor and management are interested in the project 

According to Dr. P. B. Buck, director of the local office of 
MCTC, “The experiments to be done at the Navy Supply Center 
represent a partial fulfillment of our research objectives in the 
Bay Area. In our two years here we have studied the work methods 
prevalent on the commercial waterfront in great detail. On the 
basis of these studies, we have designed a number of new systems 
which we believe are capable of doubling present-day cargo 
handling production. What we plan to do at Oakland is to test 
these systems on-the-job to find whether they will yield the pro- 
duction and cost reduction returns which are theoretically 
possible.” 

The new work methods incorporate some of the latest types of 
powered handling equipment. They include an almost complete 
reorganization of present work patterns and job assignment of 
longshore occupations according to principles of Industrial Engi- 
neering. Besides reducing cargo handling costs, increasing produc- 
tion and reducing the arduousness of the work, economic gains 
through reduced ship time in port are expected 

‘The research work,” Dr. Buck continued, “is designed to help 
solve some of the handling and cost problems of the commercial 
shipping industry. The Navy Center was chosen as the initial test 
site because of its wide range of cargo operations. It gives us a 
chance to test our new systems under scientific controls.” The 
Navy will consider adopting as standard those systems that 
actually show major improvement in speed and cost of Navy 
cargo handling operations 

The researchers also plan to measure energy expenditure levels 
of the workmen to be certain that any production gains noted 
stem from the new systems rather than from increased physical 
exertions of a labor force. Physiologists from the Engineering 
Department of UCLA will undertake this portion of the research 


BOSTON CHAPTER 


The first meeting of the 1959-1960 program year was held on 
October 19. Mr. Norman Jennings, Management Engineer in th 
Operations Standards Division of the Port of New York Authority, 
addressed the group on “Industrial Applications of Waiting Lin 
Theory.” Visual aids were used extensively to illustrate practical 
applications of waiting line theory in the Port Authority. The 
subject was well presented and stimulated the interest of those in 
attendance 


We were honored to have as guest speaker at our November 
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National President, American Insti- 
Prior to the 
Lighting Division of Sylvania Electric Prod- 
both located in Danvers, Mass 
He was accompanied on the tours by M1 Martin, Chap- 
ter President and Mr. Bill Vallette, Director of Industrial Engi- 
CBS Ele: Vice President of Fol- 


plant visit was taken on a sightseeing tour of 


meeting, Mr. Frank Johnson 


tute of Industrial Engineers evening dinner, Mr 
Johnson visited the 
ucts In ind CBS Electronics 


(George 
neering at tronics and tegion I 
itions he 


Marb 


lowing the 


historic sites located in ehead, Danvers, Swampscott and 
Salem 

A large group was in tendance at the 
hear Mr. Johnson spe ik on Producibility 
0 Industrial Engineers Actua 


it Lockheed Aircraft 


lemonstrated 


meeting to 
A Challenge 


taining to problems 


evening 
Analysis 

examples pet 
ind the 


well 


were presented outstanding results 


integrated Industrial 


veness of 
engineering design 


Engineering activity ialv zing e effects of 


on costs prior to ae 
At the Chapter Presidents 
Mr. Ge Marti 


for the Region I Con n ind Convention for 


runs 
ting in Philadelphia on Nov. 7 


3oston 


ual production 
mer 
Chapter to host 
1960; the bid 
committees for establishing the 
dates 


Officers 


orgs submitted a bid for 
Was accepted 
conference 

mber ; with a Chapter 
for November he program will be held at 
i Hotel, ¢ Mass 


pointed and the 


j 


, Boston 


DALLAS-FORT WORTH CHAPTER 
The ‘ } { ( Developing 0 wm in the 
ent Affai 


| Engines 


In- 
Commiut- 
ing, Germanium 
man; Gerald H 

Texas Instru- 


of Industrial 


REGIONAL STUDENT CONFERENCI 


inds of 


Phe 


undergraduate student 


future of our profession may well li 1 the h our 


becomes more 
pon the development of 
pioneered by present 


this goal that our protes- 
ind 


ial Engineers. The fa 


universities 


ie colleges 


ilties of these 


hrough personal contacts, in both class- 


oom and student chapter activities, are charged with the 


respon- 
sibility of professional Industrial En- 


However | 
The fac in ich the 


ulties may be they cannot do 


The \ 


gineer 


it alone ools and techniques 


can onalism. But 


Hard work by 


ilso point 
New philos- 
intricacies 


In- 


enough 
growing 
of modern industry mtr tl l I professional 


dustrial Engineer called on to make 


Long recognized as a valuable means of promoting the pro- 


fessional developm ire meetings, conferences, and paper pres- 


entations among professional people. Most other professional en- 


gineering groups have student groups affiliated and sponsored 


They don't stop there. Individual student chapters and individual 


together invited to conferences 


and 


senior chapter meet 


of senior chapters senior chapters sponsor paper presenta- 


tions contests for students, many with substantial prize money. In 


iddition most engineering groups have a program of regional and 


national meetings titions for students 


AIIE also 


ind compe 


It is now time that the provided such meetings and 
competit 


Dallas-F ort 


paper ions 


The Worth Chapter of AIIE is sponsoring a Re- 
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gional Student Conference for the six student chapters of Region 
IX on May 6-7, 1960. In so far as can be determined, this will be 
the first regional meeting of student chapters, AITE. This first 
one promises to be an outstanding success; and for a very good 
reason—the pressure for the conference is from the students of 
the Southern Methodist University Student Chapter. They con- 
ceived the idea and asked the Dallas-Fort Worth Chapter to back 
them up. The Dallas-Fort Worth Chapter reports that their mem- 
bership enthusiastically and unanimously voted to sponsor the 
Conference and provided a substantial budget. Professor Charles 
Brennan, our National Director of Student Chapters, has given 
Through the efforts of Na- 
Executive 


his support Professor Brennan, the 


tional Committee has appropriated additional prize 

money 
The objectives of the Regional Student Conference are: 

1. To advance the Industrial Engineering profession by stimu- 
lating additional research and creative thinking. 
To provide an interchange of information and ideas among 
student chapters 
To furnish an opportunity for addresses by outstanding 

leaders in the Industrial Engineering profession. 

To 


dents and student chapters 


present an opportunity for national recognition of stu- 
To give an incentive for the preparation and an opportunity 
for presentation of student papers of high quality. 

To furnish an opportunity for faculty advisors to meet. 
To provide a guide and an incentive for future Regional and 
National Student Conferences 


The Student Affairs Committee of the Dallas-Fort Worth Chap- 
ter has drafted a manual of policy and procedure for the student 
conference. This manual provides guidance and places primary 
responsibility for the student conference on the host student chap- 
ter. Further, it establishes standards for the paper contest and 
provides a transportation allowance for visting student chapters 

This 


dent 


is a new step in the professional development of the stu- 


Industrial Engineer. It will set precedents. A national pro- 
gram may result from this regional student conference 

Eventually, there can be a national competition of regional 
The 


student conference grand prize winner will present his paper at 


winners precedent for this is also being set. The regional 


the 1960 National Conference and receive his award at the ban- 


quet. Subsequently, individuals or industries can be encouraged 


o come forward with endowed annual awards. 

Quoting slightly out of context, but to the point nonetheless, 
Dr. Gerald Nadler said, By exchanging information with 
others, new concepts and a more useful knowledge bank can be 
established. The personal contacts are essential to the professional 

evelopment of the Industrial Engineer . (1).” Although he was 
Industrial the 


made is equally applicable to the future Industrial Engineers who 


writing to and about practising Engineers, point 
will some day provide continued professional maturity. Regional 
conferences of student chapters of AITE can materially contribute 
to this professional development 

What action should you, the members of AIIE, be 


insure 


taking to 


continuing professional growth in our Institute? This is 


the challenge. 
REFERENCE 
(1) Napier, Geran, “Professionalism and AIIE—and You,” The 


Journal of Industrial Engineering, July-August 1957, Vol 
VIII, No. 4, Page 242. 


HOUSTON CHAPTER 


The Fifth Annual Industrial Engineering Conference on “Work 
Simplification” was held on November 6, 1959, at the Shamrock 
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Hotel in Houston The conference was conducted by Allan H 
Mogensen, founder and director of the world famous work simpli- 
fiction conference and assisted by Dr. Lillian M. Gilbreth inter- 
nationally famous engineering and management consultant. This 
clinic is held annually and is presented jointly by the Houston 
Chapter of the AIIE and the Industrial Engineering of the Uni- 
versity of Houston. The Clinic was a great success and well re- 
ceived by everyone attending. An excellent job was done by con- 
ference co-chairman Herbert R. Belcher of Ernst and Ernst and 
Bruce C 


The Houston Chapter is well along on its 1959-60 program with 


Stoughton of the University of Houston 


in excellent variety of subjects chosen by the 
mittee under the able direction of M1 EB. © 


Program Com- 
Hailey The pro- 


grams during November consisted of a plant tour of facilities of 


Champion Paper and Fiber Company, Pasadena, Texas, one ol 
the largest paper manufacturing plants in the country 
’ Three Chapter 


awards in appreciation of the ti outstanding accomplishments, in- 


members were given distinguished service 


spiration and devoted efforts to further the profession of Indus- 
all well known Industrial 
Sam Scharff of Ernst and 


trial Engineering. The three members, 
Engineers in the Gulf Coast area were 
Ernst, Tom Elrod, Chairman Department of Industrial Engineer- 
Regional Vice President 
AITE), and Fred Macy, Chief Industrial Engineer, Shell Oil 
Company, Pasadena, Texas. These men have been instrumental 


ing, University of Houston (former 


in the organization of the Houston Chapter as well as having a 
hand in its excellent growth 

The Houston Chapter has contributed 107 per cent of its goal 
to the United Engineering Building Fund, Chairman R. E. Do- 
herty has done an excellent job in obtaining this quota 


LOUISVILLE CHAPTER 


At our November meeting Mr. Donald G. Malcolm, who is 
with System Development Corp. in Santa Monica, 
Malcolm is the National Chairman of 
Long Range Planning for AIIE, and a past National President 


of our organization. His very interesting subject for discussion 


California, 
was guest speaker. M1 


was “Work Sampling as a Management Control.” 

Mr. J. F. Jericho, National First Vice President of AITE and 
Superintendent of Methods and Standards for United Air Lines 
in Chicago, was featured speaker at our December meeting. The 
subject of his talk was “New Concepts—Industrial Engineering.’ 


MILWAUKEE CHAPTER 


The Milwaukee Chapter of AILE was host at the Midwest 
Region’s Productivity Conference held on Friday, November 13 
at Marquette University. Fifty Industrial Engineers enrolled for 
this one-day meeting 

Prof. Gayle McElrath, Chairman of the IE Department at the 
University of Minnesota, opened the Conference with a talk on 
“More Effective Decision Making.” Later, Boyd Payne, Director 
of Career Development at Kimberly-Clark Corp., spoke on “Pre- 
paring the IE for Managerial Positions.” 

In the Bayer, Quality Control Con- 
sultant, discussed “Quality Control Techniques for the IE.” This 
was followed by Dr. Russell L. Moberly, Personnel Consultant, 
who spoke about the “Role of the IE in Effecting Sound Wage 
and Salary Administration 


afternoon, Harmon 8S 


”" He pointed out the direct connection 
between a sound wage and salary system and _ productivity 
Another speaker was Clifford G. Sager, of Sager Film Productions 
who outlined “Effective Use of Motion Pictures for Training and 
For Selling Ideas,” 
visual aids 

The dinner speaker was Dr. Robert N. Lehrer, Chairman and 
Industrial 
Northwestern University 


emphasizing the communication power of 


Professor of Engineering, Technological Institute, 


Lehrer spoke about “New Insights into 
Productivity Concepts.” He emphasized that with the new prob- 
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lem approaches developed in recent years, Industrial Engineering 
is now entering an era where its true function—that of advising 
top management in problems of system-wide nature—can now be 
realized. Industrial Engineers must meet this challenge by pre- 
venting practices from becoming static, and by continuing to be- 
come more adept in the use of newer, more powerful methods 
In conjunction with the Production Conference, Midwest Re- 
gion Vice President Arthur Aronson held a Chapter Presidents’ 
Meeting. Chapters were represented by Jay Goldman, St. Louis; 
Tom Woolard, Chicago; Joe Lloyd, Twin City; Clarence Allen, 
Milwaukee; Lewis Rose, Calumet; L. J. Fletcher, Central Illi- 
nois; Evan De Jong, Evansville; and Henry Messer, Kansas City 


MISSISSIPPI VALLEY CHAPTER 

Over 200 participants attended the sixth Annual Winter Con- 
ference presented by the Mississippi Valley Chapter of AIIE on 
December 5, 1959. The Conference, “Selling Ideas” attracted peo- 
ple within a 150 mile radius of the quad-city area of Illinois and 
lowa. Also present to view the proceedings was Mr. Arthur 
Aronson, Vice President of Region VIII, AILE 

The conference theme “Selling Ideas” was divided into three 
first, “Developing New and Improved Products,’ 
was presented by Mr. James W. Bannon, partner in the consult- 
ing firm of Booz, Allen, and Hamilton, Chicago, Illinois. The sec- 
ond, “Create a Market,” was discussed by Mr Travis Elliott of 
the National |) -‘aurant Association, Texarkana, Texas. Mr. EI- 
liott’s talk exan ined the aspects of proper atmosphere in inter- 


sessions. The 


company relations and integrity in dealings between people. An 
interesting and searching thought was presented wherein M1 
Elliott condemned the philosophy “make him think it’s his 


idea, it hasia | er ny acce pted re 


hance of b Ideas are sold 


on merit and xt on who was fortunate enough to generate it, is 
Mr. Elliott's feeling 

The third, “Get Off Your Launching Pad.” was a humorous 
approach to human relations presented by Dr. Carl C. Byers, who 
is a consultant for the General Motors Corporation. “A Happy 
Heart is as Essential to Success as is a Serious Mind” is Dr. Bver’s 
key to providing the incentive necessary for complete participation 
by all company levels 

This conference, the sixth in a series which began back in 1955. 
followed the trend of thought-provoking seminars ‘which was 
opened with Creative Thinking in 1957 and continued with Cost 
Reduction—My Job in 1958. The all-day meetings are conducted 
in the Masonic Temple, Davenport, Iowa and for the past sev- 
eral years have attracted executive and engineering people from 
business, industry and government located in that highly indus- 
trialized area. Plans are already being formulated for next vear’s 
meeting which has always been the highlight of the Chapter’s 
vearly activities 


METROPOLITAN NEW JERSEY CHAPTER 


At our November meeting, Dr. William Gomberg, Chief In- 
dustrial Engineer for the International Ladies Garment Workers 
Union and author of many books and papers on application of 
Industrial Engineering, was our speaker. Dr. Gomberg discussed 
“Work Rules Issues in Current Contract Negotiations.” Prior to 
Dr. Gomberg’s speech, we saw a film entitled “A Product of the 
Imagination.” This was the story of aluminum from the dawn of 
time through its uses in the world of tomorrow 

In December our chapter held a banquet. Frank J. Johnson 
National President of AIITE, was guest of honor and speaker for 
the evening. Mr. Johnson spoke to us on “Producibility Analysis 
A Challenge to IE.” 


METROPOLITAN NEW YORK CHAPTER 
The Metropolitan New York Chapter recently announced that 


it has exceeded its quota for the United 


Engineering Center 
Building Fund 


Volume XI - No. 2 





As an outcome of the successful fund raising drive, the Chap- 
ter has pledged a total of $6100 to the U.E.C. This figure is 102% 
of its original quota 

Congratulations to Mr. Robert Gring, Chairman of the Drive, 
and to the seventy-five contributing members 


ST. LOUIS CHAPTER 


The St. Louis Chapter started off the 1959-60 season with some 
new ideas and an excellent program. With the membership figure 
beyond the 200 mark, and with fine 


meetings, this should be a banner vear 


attendance at the first four 


The August meeting was held at the famous Barth Estate in St 
Louis County. The festivities included swimming, ping-pong, “bull 
sessions” and a picnic supper on the huge porch 

The September meeting was the first of our dinner-speaker 
meetings. The Chapter was fortunate in having Dean Don Fischer 
of the Washington University School of Engineering speak on the 
“Crisis in Engineering.” Dean Fischer spoke of the downturn in 
engineering enrollment in 1958, and of some of the critical issues 
facing the engineering 

Dr. Gerald Nadle 
gineering at 


protession and schools at this time 

r, Head of the Department of Industrial En- 
Washington University, was the principal speaker at 
the October meeting. Dr. Nadler had just returned from a 9- 


month teaching and research trip to Europe. He broke his talk 


down into a few main topics, and discussed each topic from the 
viewpoint of how it could be handled in the U.S.A. and in Eng- 
land. Dr. Nadler had some interesting comments to make on the 
European Industrial Engineering student as compared with his 
American counterpart. 

The November meeting featured Dr. Hyman Meltzer, Director 
of Human Relations with the Orchard Paper Co. in St. Louis. His 
topic was “Personality and Human Management in Industry.” 
Dr. Meltzer spoke of the “characters” in industry, and why every- 
one to some extent falls into that classification. 

A new feature of our 1959-60 season has been the inauguration 
of seminars preceding the dinner meeting. These hour-long semi- 
nars deal with some practical problem in the field of Industrial 
Engineering. The topic for the October seminar was “Practical 
Problems Concerning Leveling.” In November the topic was 
“What Can We Do with Non-Repetitive Items?” 


YOUNGSTOWN CHAPTER 

Our November meeting was a plant visitation to the Westing- 
house Electric Transformer Division. This plant builds the largest 
power transformers in the world. The plant tour included the 
large power assembly and tank aisles, the mass production lines 
of distribution and instrument transformers. It was most interest- 
ing and informative to all members who attended. 








Bringing you 
needed design facts and 
technical data on today’s 
engineering materials 


In this handbook you will find almost 2,000 
pages of answers to both routine and 
unusual problems that crop up whenever 
engineering materials are being selected. 
Technical tables, design information, 
structural characteristics, and tabular 
data—a wealth of useful and specific facts Just 
are made quickly available. Out! 


ENGINEERING MATERIALS HANDBOOK 


Edited by CHARLES L. MANTELL, Consulting Engineer 
Newark College of Engineering. 1906 pp., 648 illus., $21.50 





Each of the 43 sections was prepared by one or more spe- 
cialists. A staff of 150 of these experts cover metals, organic 
materials, and inorganic materials. Emphasis is placed on 
the fabricated forms of materials, their physical and me- 
chanical properties, their adaptations, advantages, limita- 
tions, competition with each other, protection against de- 
terioration, and increase in their stability to withstand use 
and abuse. 

In line with today’s needs, the Handbook covers such 
items as the uncommon metals which are rapidly reaching 
commercial importance and production, and the materials 
of construction of apparatus for control and utilization of 
atomic forces and fission products. 


Order from 
Jov..nal of Industrial Engineering 


A. French Bidg., 225 North Ave., N.W. 
Atlanta 13, Georgia 








March—April, 1960 





HANDBOOK 
Industrial 


Engineering 
AND 


Management 


Edited by W. G. Ireson and E. L. Grant 
A complete reference book for the industrial engi- 
neer, manager, businessman and student on the fields 
of activity commonly considered to be part of indus- 
trial engineering. There are 17 sections in all. Each 
section is complete in itself and is written by an out- 
standing authority in the field. 
Cross-referenced and fully illustrated, there are sec- 
tions on: structure of business organization, mana- 
gerial economics, engineering economy, manpower 
management, motion and time study, factory sys- 
tems and procedures, industrial climatology, tool 
engineering, industrial safety, inspection and quality 
control, and many others. 
1208 pages 6” x 9”, double col. 
Order from: 


Journal of Industrial Engineeri 
225 North Ave., N. W. 7" 
Atlanta 13, Georgia 


$16.00 
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WHAT IT IS 


The I.E. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 
members from the Columbus, Ohio chapter. 


SERVICES PROVIDED 


Current job openings are published in condensed form in each 
issue. 

In addition, a monthly I. E. Opportunities Bulletin is supplied 
to over hundred chapters located throughout United 
States. 

Each job opening is assigned a “P” number for identification. 
The name and address of the person to contact for additional 
information concerning a specific job opening is sent to members 
on request. 


one the 


EMPLOYERS 


Employers having openings for qualified Industrial Engineers 
are invited to list them. Government agencies and educational] in- 


stitutions as well as business and industry are urged to take ad- 
vantage of this free service. 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant Engineering, Opera- 
tions Research, Industrial Relations, Sales, and Management. 
For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industrial Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary range. 

This information will be publicized to the members in con- 
densed form in the Journat and in monthly chapter Bulletins. 
Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would like more information about one or more 
of the positions listed, mail the “P” numbers with your name and 
address to the Opportunities Service at the address below. The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for- 
warded to the company with the job opening. 

For more current listings, contact your local Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


E. OpportunItiEs SERVICE 
American Institute of Industrial Engineers 
145 North High Street 
Columbus 15, Ohio 


INDUSTRIAL ENGINEERING OPPORTUNITIES 





Position 


number | Industry, 


Consulting 
Weapons Systems 
Air Force 

Air Force 

Air Line 
Automotive 
Automotive 
Automotive 
Education 

Food Processing 
Air Force 

Air Force 
Synthetic Fibers 
Electronics 


location 


Ohio 
Wash. D.C. 
Calif. 
Utah 

Ill., Colo., 
Pa. 

Pa. 

Pa. 

Mass 

Il 

Ohio 
Ohio 
W.Va. 
Mass. 
Ohio 


Calif. 


Job classification number 


Travel? (See key) 


x 


, 44, 53 
2, 43, 44, 53 

43, 50-52, 70 

, 45, 53, 71 

33, 36, 38, 42, 45, 71 
3, 32 


2, 36, 38, 91 


"70 


Years of Age 
exp. range | 


Salary range 
$1,000 


5-7 
| Ph.D. 


Qualifications required 


Remarks 


} x & Modification 
| LE. Degree 


E. or M.E. 


Degree 


. Degree 


LE 
LI 
I.E. Degree 
1.E. Degree 


Paper 

Consulting N.J. , 20, 32 

Consulting Mass. , 20, 30, 
| Mining & Smelt . N.M. , 13, 26, 

Plastic Prod. ’ 

Plastic Prod. 


34, 42, 43, 54, 71-73, 92 | 
40, 60, 71, 
36, 42, 


Tech. Deg. Req. 
). Degree 
1.E. Degree or E quiv 
I.E. Degree Preferred 
MTM Experience 
MTM Experience (Woodwork 


Owe wo 


92 


oO 


Electronics 
Food Processing 
Metalworking 

| Metalworking 
Brass Products 
Electronics 
Refining 
Airline 
Plumbing Supplies 

| Electronics 
Education 
Electronic Equip. 
Electronics 
Railroad 
Railroad 
Pharmaceutical 
Air Force 
Air Force 
Air Force 
Air Force 
Air Force 
Automotive Parts 
Automotive Parts 
Ind. Fastenings 
Utilities 
Utilities 
Consulting 


F ‘olo., Calif 


[li., Minn. 


, 30, 40, 50 
, 15, 16, 22, 
3, 15, 36, 37 


36, 38, 91 


3 
, 20, 36 
, 16, 30, 32, ¢ 


, 13, 18, 51, 70 
, 13, 18 
8, 34, 36, 40-46, 91 
». - tab 
36 


11, 13, 31, 36, 42, 43 
31-38, 51-53 
General 
12, 17, 18 
40 
32, 37 

| 10, 13, 
Broad t E. 
10 
30 
11, 14, 15, 19, 36, 
10, 13, 17, 37, 50 
10, 13, 17, 37 
15, 22, 31, 41, 53, 91 


38, 43, 45, 71 
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S mmininS 


College 
| 


B.S. or M.S. Degree 
LE. or M.E. 


Degree 


| Math. Experience 
1.E. Degree 
Exp. in Crude Oil Act. 
| I.E. Degree Pref. 
. Degree 
Degree 
8. or Ph.D. Pref. 
. Degree or Equiv. 
. Degree 
or I.M. Pref. 
or ILM. Pref. 
. Degree 
. or M.S8.L.E 
. or M.S.1.E. 
. or M.S.LE. 
. or M.S.1L.E. 
». or M.S.L.E. 


Degree 
Degree 


I.E. Degree 
Degree 
| LE. Degree Pref. 











Position 
ssainihian Industry, 
Farm c ooperative 
Paper Prod. 

Consulting 

Metal Fasteners 
Chemical-Plastics 
Glass 

Printing-Litho 
Papermaking 

U. 8. Army 
Communications Mfg 
Electronics 

Air Force (Maint 
Consulting 

Consulting 

Consulting 

Home Appliances 
Smelt. & Titanium 
Sugar Refining 

Auto. Elect. Electro 
Mechanical Equipment 
Office Machy. 

Office Machy. 
Corrugated Boxes 

Food Processing 
Machine Tool Mfg 
Machine Tool Mfg. 
Navy 

Education 

Needles 

Education 

Structural Clay Prod 
Education 

Lumbering Mfg.-Cut 
Motcr Freight 
Transportation *(See v 
Transportation *(See Belov 
Transportation *(See Bel 
Memt. Consultant 
Consulting 
Aircraft Parts 
Specialty Papers 
Hospital Teaching 
Meat Packing 
Education 


Mact 


Pharmaceutical 
Solid Propellants 
Paper 


Paper 
Plastic M 
Chemical 
Garment Mfg 
Glass Containers 
Naval Avionics 
Printing 
Semiconductors 
Semiconductors 
Semiconductors 
Paper Converting 
Metal Working 
Chemical Mfg 
Plastics 
Mining & Refining 
Needle-Plastics 
Needle-P’ 
Nonferro 
—- ibber 
od and Plastics 
\ + eecb n-Teaching 


olding 


lastics 


is Metal Fabr 


Education 
Education 
Education 
Education 
E t. Controls 
Elect. Controls 


lec 
ec 
Research & Deve 
esearch & Deve 
tesearch & Deve 
Bearings 
Electronics 
Electronic 

Heat Trans. Equip 
Elect. Mech. Instr 
Steel Goods Mfg 
Metalworking 
Metal Casting & Machy 
Food Machy. Mfg 


Mfg 


620 


* The above 3 P# have openings in 


Job Classification 
Motion and Time Study 
Methods Improvement 
Suggestion Systems 
Work Measurement 
Stds 
Stop Watch Time Study 
Std. Time Data Dev. 
Predeter. 
Stds 
Work Sampling 
Estimating and Costing 
Wage Payment 
Incentive Plans 
For Production Workers 
For Non-Prod. Workers 
For Supervisory Personnel 
Job Evaluation 
Wage Administration 


and Pe 


Elemental Tim 


location 


& Applic. 








Job classification 
(See key) 


| 
| Travel? 


number 


Qualifications required 





Salary range 
$ 


Age 


range Remarks 





aaa 


, 38, 42, 53, 


, 80, 90 
, 26 


, 44, 45, 
70 
, 53, 55 


46, 


, 44, 53, 91 


Canada 
Mass., Md., La. 

Midwest 

Mich 

Mich 

Tex 21-2! 


, 26, 42, 
Minn 


60 
Project Engineer 
Tool Designer 
11, 15, 17, 18, 52,7 
50-52, 54 
92 
30, 40, 50 
11, 35-37, 
10, 30, 40 
10, 30, 32 
43, 81 
10, 30, 4 
10, 30, 4 
10, 30, 42, 43, 47 
10, 11, 13-18, 21, 22, 
10, 20, 30, 40, 50 
11, 13-16, 18, 36 
36, 38, 41, 43, 


41-43, 49, 
50 
33, 40, 48, 


2, 43, 47 
2, 43, 47 


19, 32 
21, 42 


16, 18, 
38, 52 


22, 42 


13, 14 
, 40, 70 
30, 40, 42, 43 
15, 18, 19, 26, 


16, 21 


, 36, 38, 40-49, 


26, 28, 35, 

9, 22, 26, 

36, 43, 71 
17, 18, 20-22 
16, 21, 36 


18 


Die Casting or 
Meta! Cutting 


Production Engineer 


30, 40, 42 


42, 91 
, 34, 36, 
, 42, 30 
, 15, 19, 32, 38 


35, 54, 70 
19, 32 
, 40, 44, 92 
36, 42, 43 


ork City, Detroit, Mich., Syracuse, N. Y. 


53 


Indianapolis, Ind., 


54, 70 
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90 


53, 71, 92 


94 


91 or 92 


91 
67, 


92 


34, 41-43, 53 


91 or 92 Exp 


31 


36 


SAAD SSQasis 


36, 38, 
42, 48 
73, 91 


48 
91 


~ 


NNQanS-) 


wn 
1 


Plastics 


Om Orr rn 


- 
oo 
No wwwtwe 


5-10 


40-46, 81, 91 5- 9 


Shag 


ri 13 
0O- 8. 
Open 
0-12 
.O- 8. 


and Cleveland, Ohio 


Key to Job Classifications 


Job Classification 
Production Engineering 
Production Control 
Process Planning and Routing 


rf 33 Scheduling and Loading 


Flow Process Charting 
Inventory Control 
Cost Anal. & Reduction 
e 37 Statistical Quality Control 
Budgytasy Control, Standard 


Tool yw Gage Design and Con- 
trol 
Plant Engineering 

Plant Location & Expansion 

Plant Layout 

Material Handling 

Machinery & Equipment 
Specif., Select. & Eval. 


Job Classification 
Replacement 
Automation 

Plant Maintenance 
Cap. Budget. Facil. Plan 
Operations Research 
System & Simulation 
““Models” 
Mathematical Analysis 
Engr. Economy Studies 
Auto. Data Proc. with 
uters 
Market Research & Forecasting 
Industrial Relations 
Personnel Administration 
Personnel Testing 
Personnel Training 
Industrial Psychology 
Labor Relations 


with 


Com- 


| LE. 
LE. 
B.S. 


Deg. Plus B.A. Train. 
Degree 
Degree 


24-35 


Prod.—Inv. Control Exp. 
I.E. or M.E. Degree 


B.S. Degree 

1.E. Degree or Equiv. 
B.S.—L.E., I.M., or M.E. 
-E. Degree 
a Degree Pref. 
L.E. 
1.E. Degree 


E.E., M.E., or LE. Degree 
Exp. in System Analysis 
Exp. in Quality Control 
23-34 L.E. Degr 
L.E. or r M. Degree 
| B.S.M.E. or LE. Equiv 
Degree not Necessary 
Degree 
Open M.S. 
30- College Graduate 
40-50 M.S. i D. or P.E. 
30-42 B.8 LE 


Degree—Mtm. Exp. 





30-40 


Open 
Open 


25-40 

30-40 Degree in I.E. 
30- 1.E. Degree 
20- I.E. Degree 
20- 1.E. Degree 
30-40 MTM Experience 

25- P.E. or E.1L.T. 

32-45 Engineering Degree 

30-40 | I.E. Deg.—Paper Ind. Exp. 


I.E., M.E., or B.S 

| M.S./Ph.D.- ALE 

Applied Math. 

L.E. De egree or Equiv. 
B.S. in I.E. or M.E. Pref. 
M.8.1. “ Pref., B.S.1.E. 

| Acce 

| B.S. in 7 E. or ILM. 

| ILE. Degree 
B.S. Degree 

I.E. Degree 


LE. Degree 
| LE. or M.E. 
B.S. Pref. 
| B.S. Pref. 
B.S. Pref. 
I.E. or M.E. Degree 
Engineering Degree 


or B.S.L.E, 


B.S.L.E. or B.S.M.E. 
B.S.LE. or B.8S.M.E. 
I.E. Degree Preferred 


B.S. Degree 

| B. s., M. * or Ph.D. 
or M.E 

Same as above 

Same as above 

Same as above 

Same as above 

LE. or M.E. Degree 
} . Deg. with Electronic or 
Pre aC. , Mech. Aesy. Exp. 


ol. 
3.1. 
3.1. 


Pref. 


-30 
Open 


. De gree 
, or 


25-35 
35-48 


30-40 


Degree 


+ B.S.LE, 
B.S.M.E. 


in LE. 


ae) 
w 
+ 


30-40 
30-40 


or 7 

- Soaee 

. _ E. or E.E. 
. Pref. 

a 

) 


’ Degree 
3.L.E. 

3M. E. 

. Deg. or 2-3 Yrs. Col. 


Deg. Pref. 


Deg. 
—35 
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| ae 
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Job Classification 
Safety Engineering 
Suggestion Systems 
Systems and Procedures 
Admin. & Operating Procedures 
Organization Charts and Man- 


uals 
Records Admin. & Form Control 
Product Design 
Packaging 
Management and Supervision 
Industrial Engineering Supr. 
Chief I. E. or Equiv. 
Plant Engineer 
Production Supervisor 
Plant Mgr., Fact. Mer., 


81 
90 
91 
92 
93 
94 
95 


96 


Works 


Mer. 
General Manager 





AIIE Membership Roster: 


November 1, 1959 


Marcis, George, 2064 Clarence 

Marcone, Arthur W 

Marcouiller, Robert J., 
Wisconsin 45A-2 

Marcus, Harold J., 11546 Babbitt Avenue, 
fornia 23M-4 

Marcus, Joel A., 69-61 Yellowstone Boulevard, Forest Hills 
Queens, New York 5A-2 

Mardis, Robert Lynn, 1622 Centerridge Avenue, Cincinnati 3 
Ohio &M-4 

Margeson, Clarence R., Box 21, Navy 230, c/o Postmaster, Seattle, 
Washington (AF-3 

Margeson, De Forest M., 515 Carl Street, Endicott, New York 
96A-1 

Margolin, Charles H., 54 Flamehill Road, Levittown, Pennsyl- 
vania 77A-2 

Margolis,’ Sidney O., 76-09 Thirty-fourth Avenue, Jackson Heights 
72, New York 5A-4 

Margoshes, Herbert M., 34 Marion Road, 
chusetts 30M-4 

Mariano, Remo P., 302 Billings Road, Quincy, Massachusetts 
30A-2 

Markowski, M. J., 18206 Windward Road, Cleveland 19, Ohio 
7M-4 

Marks, Alan D., 1507 Gordon Street 
12A-2 

Marks, A. R., The Martin Company, Box 179, Denver, Colorado 
32A-1 

Marks, Everett J 
5A-2 

Marks, Gerald R 
NS6A-2 

Marks, Robert J., A. O. Smith Corporation, 3533 North Twenty- 
seventh Street, Milwaukee, Wisconsin 45M-4 

Marks, Stuart T., Box 165, Summerville, Georgia 93AF-4 

Marlin, Norman H., Jr.. Warner-Chileott Laboratories, Tabor 
Road, Morris Plains, New Jersey 61A-2 

Marlow, James C., Jr., 2428 Westminster Way, N-E., Atlanta 7, 
Georgia 6A-< 

Marlowe, Warren J. 4103 Sulgrave Road 
ginia 99A-2 

Maron, Henry E., 305 North Datura, Littleton, Colorado 32A-1 

Marquis, Leland G., Main Street, West Stockbridge, Massachusetts 
OA-1 

Marquis, William R., United States Steel Corporation, Homestead 
District Works, Munhall, Pennsylvania 3M-3 

Marr, Phillip W., 4515 St 
1A-2 

Marra, Joseph G., 256 Hickory Street, Washington Township, 
Westwood, New Jersey 5A-4 

Marrinan, William K., R.R. 1, St. Paul 11, Minnesota 38A-2 

Marshall, Clayton F., 205 Carmel Avenue, Galion, Ohio OM-3 

Marshall, Fred E., 1307 Revere Road, Winston-Salem, North 
Carolina 21/A-2 

Marshall, George L.. Jr., 
California 93M -4 

Martellotto, Peter A., 2117 Blackrock Avenue, 
York 5A-2 

Marthey, 
254-2 


Lakewood 7, Ohio 7 
Struthers, Ohio 24A- 


3204 West Wells Street, Milwaukee 8, 


Avenue 
487 Judith Lane, 


A-2 
l 


Granada Hills, C: 


Marble head, Massa- 


. Redwood City, California 


176 Fifth Avenue, New Rochelle, New York 


50 Brompton Road, Great Neck, New York 


> 


Richmond 21, Vir- 


7 


Margaret Lane, Columbus 13, Ohio 


15534 East Dittmar Drive, 


Whittier, 
Bronx 72, New 
Louis G.. 316 Union Street. Crawfordsville, Indiana 

* The first portion of the roster was published in the January- 
February issue. If errors in names and addresses are found, notify 


AITIE Headquarters in Columbus, Ohio, in order that records may 
he corrected 
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Marti, Edward A., Assistant Chief Industrial Engineer, The William 
Carter Company, 33 Morris Street, Springfield, Massachusetts 
94 A-2 

Martin, Charles E., 2836 Hermitage Drive, Winston-Salem, North 
Carolina 21A-2 

Martin, Floyd E., Jr., 851 Congress Avenue Extension, Water- 
burv, Connecticut 97A-2 

Martin, Frederick E., 236 East Pulteney Street, Corning, New 
York 48A-l 

Martin, George H., 123 Forest Street, Danvers, Massachusetts 
30M -4 

Martin, Homer E., 228 Sandhurst Drive, Dayton 5, Ohio 2M-4 

Martin, Howard N.. White Cap Company, 1819 North Major 
Avenue, Chicago 39, Illinois 25M-4 

Martin, John Richard, 178 Loveman Avenue, Worthington, Ohio 
1A-4 

Martin, John T 
3M-3 

Martin, Joseph B., 909 Glencrest, Longview, Texas 60A-2 

Martin, Joseph D., 2350 Nineteenth, Wyandotte, Michigan 

Martin, Kenneth W., 
OA-1 

Martin, Raymond M., 6231 Coolidge Road, Dearborn, Michigan 
$7 A-2 

Martin, 
68A-2 

Martin, Robert J 
25A-1 

Martin, William L., 2106 Erbbe Street, Albuquerque, N.E., New 
Mexico 59A-1 

Martin, Wyatt L., Jr., 
21A-2 

Martinelli, William R., United States Time Corporation, Middle- 
bury, Connecticut 97A-2 

Martinez, Anthony F., 11 University Place, 
Island, New York 8&6A-2 

Martinko, Frank W., 610 Michigan Avenue, 
vania 3A-i 

Martinson, E. P., Department of Industrial Engineering, Uni- 
versity of Florida, Gainesville, Florida 27M-4 

Martz, Kenneth T., Eli Lilly and Company, 740 South Alabama 
Street, Indianapolis 6, Indiana 65A-2 

Martzloff, Thomas H., c/o McKinsey and Company, Russ Build- 
ing, 235 Montgomery Street, San Francisco 4, 
37 M-4 

Marum, Harald, 73 Morris Avenue, Haworth, New Jersey 5M-4 

Maruszewski, Bernard J., 621 Juniper Circle, South Milwaukee, 
Wisconsin 45M-4 

Marville, F. Edwin, 119 Maple Avenue, 
vania 31M-4 

Marx, John B., 1300 Cotton Street, Menlo Park, California 37M-4 

Marve, Robert, 204 Dawn Street, Signal Mountain, Tennessee 
54M-4 

Marzo, A S., 
OAF-3 

Mascarin, A. Edward, 2164 Fourteenth Avenue, Kingsburg, Cali- 
fornia OA-I 

Mason, Carrington, P.O. Box 1188, Houston 1, Texas 22M-4 

Mason, Harold, 52 Brighton Second Lane, Brooklyn 35, New 
York 5A-4 

Mason, Hubert E., 912 West College, Oakland City, Indiana 
88AF-4 

Mason, Jack F., 1421 Oakwood Trail, Indianapolis 20, Indiana 
65M-4 


, 3005 Ford Avenue, Pittsburgh 35, Pennsylvania 


47 A-2 


1359 Overlook Terrace, Titusville, Florida 


tichard A., P.O. Box 27, Southbridge, Massachusetts 


, 8025 West Lake Street, River Forest, Illinois 


Box 158, Winston-Salem, North Carolina 


Great Neck, Long 


Glassport, Pennsyl- 


California 


Willow Grove, Pennsy]- 


1320 Alexander, S.E., Grand Rapids 6, Michigan 
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Mason, Richard P., 102 Malwood Avenue 
62A-2 

Massa, John A., 35 Moore Street, Winthrop 52, Massachusetts 
30 A-2 

Massey, Ed C., 2272 Miller Field Road, Macon, Georgia 55A-1 

Massey, James W., 147 North Rampart Boulevard, Los Angeles 
26, California 23A-1 

Masson, Daniel John, 900 South Avenue “C” 
0A-1 

Masters, Lawrence T 

Masters, 
19M -3 

Mastrangelo, Paul 3 \ Drive, 
7 A-2 

Masucei, Robert 
69A-2 

Matheny, Herschel A Route 2, Guntersville, Alabama 69A-2 

Mathes, Charles F., Standard Coosa Thatcher Company, P.O 
Box 791, Chattanooga | Tennessee 54A-2 

Mathes, Charles J., 24414 Farmington Road, Farmington, Michi- 
gan 47A-2 

Mathews, George, 2573 Hyde Stree 
66A-] 

Mathews, Harold H., Jr. J 
Industrial Engineering 
Carolina 2/M-4 

Mathews, Howard H., Jr., 1 West Thirty-sixth Avenue, San 
Mateo, California 7 

Mathewson, M. H., Industrial Engineering Department, Inter- 
national Mining and Chemical Corporation 
Center, Old Orchard Road, Skokie 

Mathis, Mark C., Jr.. USS Wyandot 
Office, New York, New York 5A-2 

Matosoff, Henrv, 1045 Lavender Lane, Route z. LaCanada, Cali- 
fornia 23A-3 

Matreci, Eugene R., 7900 Delmar, University City 
16A-2 

Matschke, Arthur L., Jr., 605 East 
Illinois 25A-/ 

Matson William ( 
8A-2 

Mattern, Philip J., Eaton Metal Products Corporation, 1301 
Willis Avenue, Omaha 10, Nebraska 90AF-4 

Matthew, Theodore B., 400 Old Spanish Trail, Menlo Park, Cali- 
fornia 37 A-] 

Matthews, Alan H 
41M -3 

Matthews, Ansel H., 1204 Holland Stre 
land 0M-3 

Matthews, Courtney, Charles Luckman Associates, 9220 Sunset 
Boulevard, Los Angeles 46, California 23A-1] 

Matthews, Don X2., 7449 East Thirty-first Street Tulsa 5. Okla- 
homa 15M-3 

Matthews, Donald M., 4 Delsing Drive, Rexdale, Ontario, Canada 
87 A-1 

Matthews, Gene A., oute 1, Carrollton, Alabama 

Matthews, Robert D., Assistant Industrial Engineer, International 
Nickel Company, Huntington, West Virginia 5&A-2 

Matthews, Walter D., 937 Second Street, N.E., Massillon, Ohio 
IYA-1 

Matthews, William ( Lenkurt Electric Company, Incor- 
porated, 1105 County Road, San Carlos, California 37A-1 

Mattice, Dudley R., P.O. Box 621, Wailuku, Maui, Hawaii @QA-/ 

Mattocks, Raymond | Olin Math 
East Alton, Illinois /6M-4 

Matuch, George Jr 5415 Gable Lane 
27M-4 

Matus, Joseph A., 1404 Churchill Road, Lyndhurst 3, Ohio 7M-4 

Matusiak, Edward J., Mine Safety Appliances Company, 7501 
Penn Avenue, Pittsburgh, Pennsylvania 3A-/ 

Matusik, Edward J 
vania 95M-4 
Maurer, Henry L., 1630 West Seventh Avenue 

53M-3 


. Dracut, Massachusetts 


Washington, Iowa 


, 5 Madill Court, Antioch, California 
tobert H.., Ohio Power 


12A-2 


Company, Canton 1, Ohio 
Willoughby, Ohio 


J., 2105 Shady Lane Drive, Huntsville, Alabama 


t, Burlington, North Carolina 


Revnolds Tobacco Company, 


North 


partment, Winston-Salem 


Administration 
Illinois 25M4 
AKA-42), « 0 Fleet Post 


Missouri 
Maple Avenue, Mundelein, 


, 2368 Victory Parkway, Cincinnati 6, Ohio 


744 Elizabeth Street, Baton Rouge, Louisiana 


Cumberland, Mary- 


0AF-3 


son Chemical Corporation, 


, Jacksonville 11, Florida 


1943 Chestnut Street, Harrisburg, Pennsyl- 


, Gary, Indiana 


March—April, 1960 


Maurer, John L., R.R. 1, Town Line Road, North Madison, Ohio 
7M-4 

Maurer, Robert M., 11204 Mahlon Avenue, N.E., Albuquerque, 
New Mexico 59M-3 

Mause, Clifford H., 5029 West Boulevard, Canton 8, Ohio 19M-3 

Mauthe, John G., Jr., 3197 Ameno Road, Concord, California 
12A-2 

Mawson, Richard W., Eastman Kodak Company, 1669 Lake 
Avenue, Rochester 4, New York 44A-2 

Maxwell, C. Herbert, Box 550, R.D. 1, Masury, Ohio 24M-3 

Maxwell, George W., 908 Marlau Drive, Baltimore 12, Maryland 
42A-2 

Maxwell, Herris M., Route 2, Broadhead Road, Bethlehem, Penn- 
svivania 77M-4 

Maxwell, Ralph, Jr., 312 River Oaks Drive, New Orleans 14, 
Louisiana 74M-4 

Maxwell, Robert J., Toledo Scale Company, Telegraph Road, 
Toledo 13, Ohio 36A-2 

Maxwell, Warren A., 3535 Dayton Avenue, Louisville 7, Kentucky 
18M-3 

Maxwell, William A., E. Kahn’s and Sons, 3241 Spring Grove 
Avenue, Cincinnati 25, Ohio 8A-2 

Maxwell, William J., 1430 Burtner Road, Natrona Heights, Penn- 
sylvania 3A-] 

May, Arthur R., Sterling Casting Corporation, Bluffton, Indiana 
34A-1 

May, Carl P., 3 Enright Avenue, Jeffersonville, Indiana 18A-3 

May, Christie M., Jr., 35 Market Street, Lewisburg, Pennsylvania 
89M -3 

May, Harold H., 630 Mt. Zoar, Elmira, New York 

May, James E., Bangs, Texas (0A-] 

May, Walter C., 10412 Viscount Drive, St. Louis 21, Missouri 
16A-2 

May, William C., 73 Grandview Place, Walnut Creek, California 
12A-2 

Mayberry, Frank P., 2019 Valley View Road, Sharpsville, Penn- 
sylvania 24M-3 

Mayberry, Hassell G., 3051 Gilmer Avenue, Winston-Salem, North 
Carolina 21A-2 

Mayem, Morris, 16 Ocean Parkway, Brooklyn 18, New York 
5A-2 

Mayer, Donald A., 722 Panchita Way, Los Altos, California 
37M-4 

Mayer, Mitchell L., 20 Crosby Avenue, Deal, New Jersey 61A-2 

Mayer, Robert L., 250 Woodward Street, Wavan 68, Massachusetts 
30M-4 

Mayer, Victor P., 493 Dale Drive, Erie, Pennsylvania 51M-4 

Mayers, Robert G., 164% Andrew Street, Kingston, New York 
76A-2 

Mayhew, Rodney D., Armstrong Cork Company, Linoleum Plant, 
Liberty Street, Lancaster, Pennsylvania 71M-4 

Maynard, Harold B., Methods Engineering Council, 718 Wallace 
Avenue, Pittsburgh 21, Pennsylvania 3M-3 

Maynard, James M., R-F.D., Box 290, Tooele, Utah 50A-2 

Maynard, Miles J., 209 Jackson Circle, Tullahoma, Tennessee 
64A-1 

Mayo, William E., Route 2, Brighton, Tennessee (A-/ 

Mayr, William F., II, Sault Ste. Marie, AD Sector, KI Sawyer 
Air Force Base, Gwinn, Michigan OA-1 

Mays, Carl L., 704 Sixth Street, Fremont, Ohio 36A-2 

Mays, Henry E., 1002 Claudine, N.E., Albuquerque, New Mexico 
59A-1 

Mazeika, Daniel F.. YMCA—304 Wood Street, Pittsburgh 22 
Pennsylvania 3A-] 

Mazich, Paul, 301 South Clover Lane, Harrisburg, Pennsylvania 
95A-2 

Mazura, Louis V., R.D. 1, State Road, Meadville, Pennsylvania 
51AF-4 

Mead, George G., 721 Walnut Street, Latrobe, Pennsylvania 
3M-3 

Mead, Gordon 8., 310 Lorraine Drive (R.F.D. 1), Pickerington, 
Ohio 1A-4 
ide, Clyde B., 237 Buchanan, Fayetteville, Arkansas 84A-1 
ide, Donald F., 454 North Almont Drive, Los Angeles 48, 
California 23A-1 


ISM -3 
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Meador, Norman W., 3914 Olympia Drive, Winston-Salem, North 
Carolina 21A-2 

Means, M. Frank, 1320-D East Thirty-eighth Street, 
Oklahoma 15M-3 

Mears, Francis C., R.D. 2, West Lockhart Street, Sayre, Penn- 
syilvania 48A-] 
Mears, Walter J., Chief Industrial Engineer, E Z Paintr, 4051 
South Iowa Avenue, Milwaukee 7, Wisconsin 45AF-4 
Mecca, Mauro L., 29 Bowes Place, Passaic, New Jersey 61A-2 
Meckle, Franklin C., 1425 Haupt Avenue, Richland, Washington 
0A-1 

Meckley, Daniel G., III, 
0M-3 

Meckley, John 8S 
09 A-? 

Medford, J. Frederick, 8246 Roberts Driv« 
6M-4 

Medford, Lel L., Tyler Pipe and Foundry, P.O. Box 2027, Tyler, 
Texas 60AF-4 

Mediate, Anthony, 2355 Skywas 
24A-1 

Meditz, Edward, 360 Mankato Street, Chula Vista, California 
0 A-] 
Medlicott, William B., Western Electric Company, 2525 Shade- 
land, Indianapolis 6, Indiana 65A-2 
Medsker, Dale, 396 Deckner Avenue, 8.W 
6M-4 

Medwin, Julius M., 67-52 Two Hundred Eleventh Street, Bayside, 
New York 5M-4 

Meeder, Merle L., American Radiator and Standard Sanitary, 
1541 South Seventh Street, Louisville 8, Kentucky 18M-3 

Megani, Peter S., 239 Pines Lake Drive, East, Wayne, New 
Jerse y 61M-4 

Mehlen, Harold R., Industrial Engineer, Western Electric Com- 
pany, 3300 Lexington Road, Winston-Salem, North Carolina 
21A-2 

Mehta, D. K 
4{A-S 

Mehta, Suresh J., 16 B Manheim Gardens, Philadelphia 44, Penn- 
sylvania 31A-2 

Meier, Arnold R., American Blower, 8111 Tireman, Dearborn, 
Michigan 17 A-2 

Meier, France A., 843 Georgia, Beaumont, Texas (A-3 

Meier, Morris G., 207 Elliott Street, Austin, Texas OA-1l 

Meincer, John H., 1515 Holderby Road, Huntington 1, West Vir- 
ginia 58M-4 

Meinert, Grover N., Atlantic Steel Company, P.O. Box 1714, At- 
lanta 1, Georgia 6M-4 

Meintel, Joseph E., Newell Road, R.F.D. 3, 
New York 0M-3 

Meisel, Seymour L., 
19M-3 

Melgaard, Eugene M., Code M211.2, United States Navy, Bureau 
of Yards and Docks, Washington 25, District of Columbia 
14A-2 

Melligan, Grover W., Glen Gardner, New Jersey 77A-2 

Mellin, Warren Roger, United Air Lines, 5959 South Cicero 
Avenue, Chicago 38, Illinois 25M-4 

Meltzer, Alvin S., Fifth Ordnance Company (d/s) APO 358, San 
Francisco, California (0A-l 

Menard, Fred S., 3326 Poinsettia Drive, Dallas 11, Texas 

Mender, Charles A 
ana /74A-2 

Mendle # Robert F 
38M-4 

Meninger, 
61M-4 

Menke, Robert M., 528 Seventh Avenue, 
Florida 91A-2 

Menkemeller, Edward F., A Company, 27th ORD BN, Ist CAV, 
APO 24, San Francisco, California (0A-1 

Menten, Robert A., Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pennsylvania 3M-3 

Mentz, Philip Sherwood, 10544 Cletus Drive, Baton Rouge, Louisi- 


602 Crescent Road, Mansfield, Ohio 
, 7416-B River Drive, Newport News, Virginia 


’ Dunwoody, Georgia 


Drive, Youngstown 11, Ohio 


, Atlanta 10, Georgia 


Hindustan Lever Limited, Sewri, Bombay-15, India 


Schenectady 6, 


229 Grayton Road, Tonawanda, New York 


10AF-3 
, 620 Sizeler Avenue, New Orleans 21, Louisi- 


, 224 Regency Road, Le Sueur, Minnesota 
Frank J., 42 Amherst Place, Livingston, New Jersey 


South, St. Petersburg, 
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Tulsa 5, 


ana 41M-3 

Mercer, Paul G., 5311 Henderson, Apartment 226, Seattle 18 
Washington 20A-2 

Mercuro, Tobia G., Allis-Chalmers Manufacturing Company, 4620 
Forest Avenue, Norwood 12, Ohio 8A-2 

Mergen, Francis C., 2337 Calumet Lane, Peoria, Illinois 80M-4 

Mericle, William F., Works Manager, The Cincinnati Shaper 
Company, Box 111, Cincinnati 11, Ohio &M-4 J 

Merikallio, Reino A., 157 East Eighty-ninth Street, New York 
28, New York 5A-2 

Merkel, Mary Rita, 123 Manor Parkway, Apartment 4, Rochester 
20, New York 44M-4 

Merrell, James M., 3519 Bluegrass Road, S.W., Huntsville, Ala- 
bama 69A-2 

Merrick, Charles M., 815 Porter Street, Easton, Pennsylvania 
77M-4 

Merrill, Karl R., 4632 Hastings Drive, Dayton 40, Ohio 2A-2 

Merriman, Jack E., 15222 South East Thirty-ninth Street, Belle- 
vue, Washington 20A-2 

Merrithew, E. C., 6146th AF Advisory Gp., APO 76, San Fran- 
cisco, California OA-1 

Merritt, Croft S., 931 Montrose Avenue, Columbus 9, Ohio 1M-4 

Mersch, Richard J., 174 West Ninth, San Bernardino, California 
78A-2 

Merting, Fritz, 1620 Bayou Grande Boulevard, Beach Haven, 
Warrington, Florida 33A-1 

Merva, John, 27450 Tremaine Drive, Apartment 20108, Euclid 
32, Ohio 7A-2 

Merz, John E., Jr., Corning Glass Works, Corning, New York 
48AF-3 

Mesko, Louis J., 75 Marvin Avenue, Uniondale, Long Island, 
New York 86M-4 

Messenger, Miles S., 570 Southgate Road, North Sacramento 15, 
California 43A-2 

Messer, Henry S., Division Industrial Engineer, Westinghouse 
Electric Corporation, Box 288, Kansas City, Missouri 92A-2 

Messersmith, Edwin C., 620 Roebuck Circle, Birmingham 15, Ala- 
bama 9A-2 

Messett, Robert L., 9491 South Badminton Avenue, Whittier, 
California 23A-1 

Metcalf, Henry M., 925 Republic Building, Cleveland 15, Ohio 
7M-4 

Metcalf, Robert J. E., 3 Buttonball Trail, Norwalk, Connecticut 
82M-4 

Metcalfe, Morris L., Route 4, Brenda Drive, Winston-Salem, 
North Carolina 21A-2 

Metcalfe, Robert P., 6292 Rosalind Road, Huntington 44, West 
Virginia 58AF-4 

Metelits, Bernard D., 2010 Lake Avenue, Wilmette, Illinois 25M-1 

Metz, Philip, 514 Davis Avenue, Union, New York 96A-1 

Metz, Theodore D., 1110 Patterson Road, Dayton 20, Ohio 2A-2 

Metzger, Robert W., Member of Faculty, General Motors Insti- 
tute, Chevrolet and Third Avenues, Flint 2, Michigan 98M-4 

Mey, Paul J., R.R. 3, Box 218, Syracuse, Indiana 34A-1 

Meyer, Arthur Charles, 4 Brown Road, Corning, New York 
18M-3 

Meyer, Brud R., 5542 Culver, Indianapolis 26, Indiana 65M-4 

Meyer, Charles F., Jr., 1912 Howell Street, Covington, Kentucky 
8A-2 

Meyers, Dan, 4751 Lincoln Avenue, Oakland, California 12A-2 

Meyer, Bernard L., P.O. Box 2610, Jacksonville 3, Florida 27A-4 

Meyer, Eugene Joseph, 3100 Regal Hill, Dayton 30, Ohio 2M-4 

Meyers, Francis J., 461 One hundred Sixty-eighth, S.E., Bellevue, 
Washington 20A-2 

Meyer, Ferdinand E., 8337 Graybirch Drive, Berkeley 21, Missouri 
16A-4 

Meyer, Frederick S., 41 Roosevelt Place, Island Park, New York 
5A-2 

Meyer, Jack A., 2722 El Segundo Drive, Rancho Cordova, Cali- 
fornia 43A-2 

Meyer, Karl H., 630 San Vicente Boulevard, Santa Monica, Cali- 
fornia 12A-4 

nee Merle E., 514 South Palm Street, Anaheim, California 
23A-1 


’ 
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Meyer, Robert E., 5828 Ashcraft Avenue, Minneapolis 24, Minne- 
sota 38A-2 

Meyer, Wilbert Harold, 7724 Kenridge Lane, Shrewsbury 19, 
Missouri 16M-4 

Meyer, William A., US 514 187 54, Det. B, USABMA Redstone 
(9302-1), Redstone Arsenal, Huntsville, Alabama 69A-2 

Meyer, William J., 2017 Cactus Avenue, Silver City, New Mexico 
59A-1 

Meyerowitz, Herbert B., 3319 Avenue I, Brooklyn 10, New York 
5A-2 

Meyers, Martin J., Post Office Department, 512 Nicollet Avenue, 
Minneapolis 2, Minnesota 38M-4 

Meyers, Steven H., 17325 Stoepel, Detroit 21, Michigan 47A-2 

Meyers, William C., 1141 East Street, Pittsburgh 21, Pennsylvania 
3A-1 

Michael, Gerald E., Supervisor of Industrial Engineering, Hub- 
bard Plant-Valley Mould and Iron Corporation, Hubbard, 
Ohio 24A-1 

Michaels, Thomas W., 
Ohio I19A-1 

Michaelson, James P., Chief, Engineering Division, Maintenance 
Engineering, Headquarters, San Bernardino Air Material 
Area, Norton Air Force Base, San Bernardino, California 

78A-2 

Michel, Barbara D., Shell Oil Company, P.O. Box 2527, Houston 
1, Texas 22A-1 

Michel, Maurice R., 2623 Twenty-seventh Street, Moline, Illinois 
16A-2 

Michelsen, Richard E., 718 Pritchard Court, Santa Clara, Cali- 
fornia 37A-1 

Michelsohn, Fred H., 138 Hillcrest Avenue, 
necticut 5A-2 

Michie, Billy E., 2014 Brookhaven Drive, Tyler, Texas 60A-2 

Michie, Hugh D., 903 Sunshine Square, Longview, Texas 60M-4 

Midkiff, Raymond L., 4013 North West Fourteenth, Oklahoma 
Citv, Oklahoma 57A-4 

Mihalasky, John, 29 Vineyard Place, Passaic, New Je rsey 61M-4 

Mihaly, Louis K., Walworth Company, 1515 Washington Street, 
South Braintree, Massachusetts 30M-4 

Mihelich, Donald L., 608 Paseo De Los Reyes, 
California 23M-4 

Mihelick, Stanley J., 2342 Giffels Drive, 
52A-2 

Felix S., 

31 A-4 

Mikulski, Robert J., public Street, Binghamton, New York 
96AF-3 

Milam, John D., Jr., 15 
23A-1 

Milanese, James J., 1527 Sixth Street 
23A-1 

Milenkovich, Mitchell, 4755 South Kilpatrick Avenue, Chicago 

32, Illinois 25A-1 

Milewicz, Leo S., 5195 Belmont, Hamtramck 12, Michigan 47A-2 

Milillo, Joseph P., 15 Dixie Lane, East Islip, New York §6A-2 

Millar, M. B., 205 Paseo de las Delicias, Redondo Beach, Cali- 
fornia 23M-4 

Millard, James A., 2068 Harwitch, Columbus, Ohio 1A-2 

Millard, Robert L., 1682 Nightingale Avenue, Sunnyvale, Cali- 

fornia 37 A-1 

Millard, Theodore A 
23AF-3 

Millen, Roger N., 16 Ransom Road, Brighton, Massachusetts 
30 A-2 

Miller, Alfred H., 863 Wellesley Avenue 
California 23AF-3 

Miller, Bertram, Jr., General Electric Company, P.O. Box 196, 
Building “A,” Evendale Plant, Cincinnati 15, Ohio 8&M-4 

Miller, C Emil, 2025 Oakland, Pueblo, Colorado 32A-1 

Miller, Carroll F., Jr., P.O. Box 205, Marion, Massachusetts 
30 A-2 

Miller, Charles C., Lukens Steel Company, Coatesville, Pennsyl- 
vania 71M-4 

Miller, Charles J., 


306 Thirty-sixth Street, N.W., Canton 9, 


West Hartford, Con- 


Redondo Beach, 
Cuyahoga Falls, Ohio 


291 Wedgewood Drive, Riverton, New Jersey 


m Avenue, Fullerton, California 


, Santa Monica, California 


8822 Ventura Street, Anaheim, California 


West Los Angeles 49, 


’ 


Columbus Gas Systems Service Corporation, 


March—April, 1960 


1600 Dublin Road, Columbus, Ohio 1A-2 

Miller, Charles J., 305 Stratford Avenue, Pittsburgh 32, Penn- 
sylvania 3A-] 

Miller, Crockford, 270 Wood Street, Meadville, Pennsylvania 
51M-4 

Miller, Daniel H., 2881 Valleywood Drive, San Bruno, California 
37A-1 

Miller, Donald A., Box 1270, United States Naval Post Graduate 
School, Monterey, California (0A-1 

Miller, Donald C., 3109 Seventh Avenue, Charleston, West Vir- 
ginia 58A-2 

Miller, Duane L., 904 Sunset, Amarillo, Texas (A-1 

Miller, E. Everett, 147 Arlington Avenue, Berkeley 7, California 
12M-4 

Miller, Ernest F., Industrial Engineer, CONVAIR-Division of 
General Dynamics Corporation, P.O. Box 1950, San Diego 12, 
California 29A-1 

Miller, Frank B., Jr., 603 K Street, Eureka, California 0A-1 

Miller, Frank Nicholas, 8. C. Johnson and Son, Incorporated, 1525 
Howe Street, Racine, Wisconsin 45M-4 

Miller, Frederick H., 2653 South Twelfth Street, Milwaukee 15, 
Wisconsin 45A-2 

Miller, Gerhard, 44 Hudson Street, Bath, New York 48A-1 

Miller, Harry P., 110 Cornwall Lane, Rochester 17, New York 
44M-4 

Miller, Howard, 3103 Hillside Drive, Burlingame, California 
37 AF -3 

Miller, Harold A., 47 Lewis Street, Perth Amboy, New Jersey 
61A-2 

Miller, Jack E., 11117 Blue Ridge Extension, Kansas City 3, 
Missouri 92A-2 

Miller, Jack T., 608 Griffith, Terrell, Texas 0A-1 

Miller, James A., 413 Francis Circle, Fullerton, Pennsylvania 
77 A-2 

Miller, James F., 5001 Lauderdale Drive, Dayton 39, Ohio 2A-2 

Miller, James P., 2139-A North John Russell Circle, Elkins Park 
17, Pennsylvania 31A-2 

Miller, John C., 29 Norden Drive, Spring Hill, Alabama 79A-2 

Miller, John C., Aluminum Company of America, Box 500, 
Lafayette, Indiana 35A-4 

Miller, John D., Junior Industrial Engineer, Lone Star Steel Com- 
pany, Lone Star, Texas 60A-2 

Miller, Kurt M., 892 Montford Road, Cleveland Heights, Ohio 
7A-2 

Miller, Landis E., 1314 Walnut Street, Coatesville, Pennsylvania 
71M-4 

Miller, Lawrence W., 551 South Prospect, R.D. 1, Hartville, 
Ohio I19A-1 

Miller, Leon H., Jr., Operations Research Office, Johns Hopkins 
University, 6935 Arlington Road, Bethesda, Maryland 14A-2 

Miller, Malcolm F., 473 Prince Frederick Street, King of Prussia, 
Pennsylvania 31M-4 

Miller, Martin C., Rolling Acres, Chesterland, Ohio 7M-4 

Miller, Melville W., General Electric Cub House, 23 Main Street, 
Hudson Falls, New York 76A-2 

Miller, Michael, Apartment A-10, Thomas Boulevard, North 
Brunswick, New Jersey 61A-2 

Miller, Norman L., 252 West Thirteenth Street, Elmira Heights, 
New York 48A-1 

Miller, Owen W., 1709 Kappel Avenue, St 
16M-4 

Miller, Reuben, 7721 Colfax, Chicago 49, Illinois 25A-3 

Miller, Richard N., 4929 Penrose, Ft. Worth, Texas 10A-1 

Miller, R. Curtis, 1016 North Spring Street, Evansville 11, Indiana 
88A-2 

Miller, Robert Erwin, 658 Yearling Road, Columbus 13, Ohio 
1M-4 

Miller, Robert F., 206 East Stanton Avenue, Columbus 14, Ohio 
1A-4 

Miller, Robert L., 
35M-4 

Miller, Ronald L., 1410 Wayne Place, S.W., Atlanta 10, Georgia 
6A-2 

Miller, Samuel D., 511 Chelsea Avenue, Erie, Pennsylvania 51M-4 


Louis 36, Missouri 


2820 Holly Hill Drive, Lafayette, Indiana 
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Miller, Walter L., 2045 North Kenniston, Toledo 9, Ohio 36M-4 

Miller, William O., Jr., 237 Marlin Road, Absecon, New Jersey 
0A-1 

Miller, William R., 24445 Garden Drive, Euclid 23, Ohio 7A-4 

Miller, William R., 1125 Main Street, Massillon, Ohio 19A-/ 

Milleson, Wilson E., Springfield, West Virginia 0A-/ 

Milligan, Frank, Jr., 4296 Mt. Herbert, San Diego 17, California 
29 A-] 

Milligan, John E., 613 Julie Drive, Layton, Utah 50A-2 

Milliken, Don B., Box 619, Cary Hall, Purdue University, Lafay- 
ette, Indiana 35A-2 

Millis, Hugh A., 335 Piatt, Wichita 7, Kansas 56A-2 

Millner, Leonard J., 934 Greenwood Avenue, Trenton 9, New Jer- 
sey 31A-4 

Mills, James R., 9 Keeler Street, Rochester 21, New York 44A-2 

Mills, James W., 711 North East Olive, Newport, Oregon 67A-] 

Mills, Norman L., 10518 Londonderry Drive, Houston 24, Texas 
22A-3 
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Morrow, Gordon E., 2146 June Avenue, Nashville 14, Tennessee 
73A-1 

Morrow, Keith A., 216 Fall Street, Seneca Falls, New York 44A-4 

Morrow, Kenneth R., 265 North Twenty-eighth, Muskogee, Okla- 
homa 15M-3 

Morse, Arthur H., Jr., 80 Fairview Avenue, Piedmont 10, Cali- 
fornia 12A-2 

Morse, Arthur R., Jr. AEWRON Thirteen, N.AS., 
River, Maryland (0A-1 

Morse, John 8., P.O. Box 1293, Los Altos, California 37A-1 

Morse, Myron H., Industrial Engineer, George A. Hormel and 
Company, 1515 East Eighth Street, Dallas, Texas 10A-1 
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Muhlbacher, William J., 152 Waldorf Drive, Akron 13, Ohio 52A-2 
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70A-2 

Neal, John A., Government Employees Insurance Company, 1021 
Fourteenth Street, Washington 5, District of Columbia 
14AF-4 

Neat, Cletus W., Wayne Trace, RR. 10, Fort Wayne 6, Indiana 
34AF-3 

Needham, David Lyell, Canada Wire and Cable Company, Lim- 
ited, 147 Laird Drive, Leaside, Ontario, Canada 87M-3 

Needham, William §S., 129 Linhares Lane, Alamo, California 
12A-2 

Neelkantha, H. C., Industrial Engineering Department, Telco, 
Jamshedpur-4, India 4A-S 

Neely, Frank Henry, Rich’s Incorporated, Atlanta 2, Georgia 
6F-0 

Neff, Gordon P., 1611 Wales Avenue, Baldwin, New York 86AF-4 

Neff, Judson, The University of Texas, 109 Waggner Hall, Austin 
12, Texas 39M-4 

Neff, Larry G., 324 Park Street, Beaver, Pennsylvania 3A-1 

Neff, Thomas J., 2121 Edgewood Street, Easton, Pennsylvania 
77A-2 

Negri, P. J., Director of Administration Services, Central Florida 
Junior College, Ocala, Florida 27A-2 

Nehrbass, John H., Barrington Woods, Palatine, Illinois 25A-1 

Neibaur, Roderick W., 2406 Cottle Avenue, San Jose 25, California 
37 A-3 

Neibich, Tolbert J., 1100 East Fairmont Avenue, Scottsdale, Ari- 
zona /0A-2 

Neidermeyer, Jack M., 772 Wainwright Drive, Columbus 11, Ohio 
1M-4 

Neifach, Jerome D., 1215 Regent Avenue, Cincinnati 37, Ohio 
8A-2 

Neislar, Weldon R., 308 West Eighty-second Street, New York 24, 
New York 5A-2 

Neiswander, K. K., P.O. Box 105, East Ely, Nevada 0A-1 

Nelisher, Peter P., 129 Thirty-third Street, S.E., Canton 7, Ohio 
19A-1 

Nelson, Bobby J., 1036 South Clifton, Wichita 17, Kansas 56A-2 

Nelson, Charles V., 15 Shore Avenue, S.W., Tacoma 99, Wash- 
ington 20A-2 

Nelson, Edward D., IBM Corporation, Department 735, 1701 
North Street, Endicott, New York 96A-1 

Nelson, Frank R., 6419 Oak Creek Way, Citrus Heights, California 
43M-4 

Nelson, George E., P.O. Box 772, Mobile, Alabama 33A-1 

Nelson, Howard H., 11634 Gorham Avenue, Los Angeles 49, Cali- 
fornia 23A-1 

Nelson, James A., Lukens Steel Company, Strode Avenue, Coates- 
ville, Pennsylvania 71M-4 

Nelson, K. E., 1735 Clinton Street, Aurora, Colorado 32A-1 

Nelson, Ralph J., Griscom-Russell Company, 225 Wetmore Ave- 
nue, S.W., Massillon, Ohio 19M-3 

Nelson, Raymond A., UNC/OEC RD/ID APO 301, San Francisco, 
California 70A-2 

Nelson, Richard C., USS HOLLISTER (DD-788), c/o Fleet Post 
Office, San Francisco, California (0A-1 

Nelson, R. K., Erie Burial Case Company, Twentieth and Filmore, 
Erie, Pennsylvania 51AF-4 

Nelson, Robert W., 1519 South Jefferson Street, Hartford City, 
Indiana 0M-3 

Nelson, Wayne H., 1865 Spring Creek Drive, Bountiful, Utah 
50A-2 

Nelson, William H., 311 East Henry Street, Mt. Pleasant, Iowa 
0A-1 

Nelson, Willard L., 6731 South Vista Circle Drive, Bountiful, Utah 
50A-2 

Nepute, John A., 820 Eleventh Avenue, Huntington 1, West Vir- 
ginia 58A-2 

Nesbit, Sam F., Jr., 6111 Lavendale, Dallas 30, Texas 10M-3 

Nesmith, Wilson Robert, 729 Valley Street, Birmingham 9, Ala- 
bama 9A-2 

Nett, Donald R., Sunray Mid-Continent Oil Company, Box 2039, 
Tulsa 2, Oklahoma J15A-1 

Netter, Milton A., Jr., 2673 Kendale Boulevard, Apartment 102, 
Toledo 6, Ohio 36M-4 
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Neu, Howard J., 3235 Grand Concourse, New York 68, New York 


5A-2 
Neumann, Anthony P., 
SRA? 


1159 South Vann, Evansville 14, Indiana 


Neumann, Norman A., General Transistor Corporation, 91-27 One 
Hundred Thirty-eighth Place, Jamaica 35, New York 86AF-4 
Neven, Albert L., 4713 Longshore, 
314-2 
Nevins, John W., 4401 Lanior Circle 
ser 54A-2 
vros, John A., P.O. Box 4045, 7 Corners Branch, Falls Church, 
Virginia 1]4M-4 
wherg, Fred J., Eastman Kodak Company, Kodak Park, Build- 
ing 57, Rochester 4, New York 444-2 
whrough, Edgar T., 1881 Old Briar Road, Highland Park, II- 
linois 25M-4 
weomb, Harold, 627 McConnell, Memphis 12, Tennessee 28A-2 
weomb, Perry A., Reynolds Metals Company, 3500 West Van 
Buren, Phoenix, Arizona 70A-2 
wman, Albert J., 6635 Delzell Place, 
vania SA-/] 
wman, Harry L., 2737 West Lunt. Chicago 45, Illinois 25M-/ 
wman, Richard J., 552 Rosedale Avenue, New York 72, New 
York 5A-2 
wnham, Donald E., 137 Jordan Drive, 
78M-4 
wport, R. G., Apartado 104 Bis, Mexico D.F., Mexico J18A-1 
wsam, Jan T.,907 West Westwood Drive, Peoria, Illinois 80A-2 
wson, Homer R., General Electric TPD, 191 Anderson Avenue 
Syracuse 5, New York J/3A-2 
N wsom, Robert W 3 Jr., R J Reynolds Tobacco Company 
Winston-Salem, North Carolina 21M-4 
Newsome, H. E., Jr., 509 Dogwood Drive, 
17 A-1 
Newton, William H., 302 South Boulevard, Evanston, Illinois 
25A-3 
Newton, William J., American Lava Corporation, Cherokee Boule- 
vard and Manufacturer’s Road, Chattanooga 5, Tennessee 
54A-2 
Ney, Harry L., 6416 Brownfield Drive, Parma 29, Ohio 7A-2 
Ney, Richard M., 136 Overbaugh Avenue, St. Clairsville, Ohio 
0A-1 
Newmark, Harold E., 181 South Vista Street, Los Angeles 36, Cali- 
fornia 23A-] 
Nichol, Harry G., Jr., Twenty-first A and E Maintenance Squad- 
ron, APO 919, San Francisco, California 73A-/ 
Nicholls, Donald W., 3186 South Barrington E., Los Angeles 66 
California 23A-] 
Nichols, D. Edward, 11 Dobson Street, Wakefield, Rhode Island 
30M-4 
Nichols, Frederick A., 2610 C South Twenty-first Street, Birming- 
ham 9, Alabama 9A-2 
Nichols, James D., R.R. 1, Searcy, Arkansas 84A-] 
Nichols, Richard G., International Business Machines Corporation, 
Endicott, New York 96M-3 
Nicholson, Harold L., 1203 Summit Avenue, Greensboro, North 
Carolina OA-1 
Nicholson, Marshall W., 3330 Garland, Fort Wavne. Indiana 
34AF-3 
Nicholson, Robert D., Wage Incentive Department, Western Elec- 
tric Company, North Andover, Massachusetts 62A-2 
Nicholson, Theodore, 363 Edge water Road, Cliffside Park, New 
Jersey 61A-4 
Nickel, Daniel, Kaiser Aluminum and Chemical Corporation, 
1924 Broadway, Oakland 12, California 12A-2 
Niebel, Benjamin W., R.R. 1, State College, 
89M -3 
Niebuhr, Wilbert W., 122% West Main Street, Monticello, Iowa 
0A-1 
Niehaus, William F., 1934 Kapel Drive, Euclid 17, Ohio 7A-2 
Nielsen, Bjorn F., 312 Quaker Ridge Road, Timonium, Maryland 
4{2A-2 
Niemeier, Robert H., Carter Carburetor, Division of ACF, 2840 
North Spring Avenue, St. Louis 7, Missouri 16A-2 
Nightengale, James M., 193 Clinton Avenue, Brooklyn 5, New 


Philadelphia 35, Pennsylvania 


, Chattanooga 11, Tennes- 


Pittsburgh 17, Pennsyl- 


Redlands, California 


Kingsport, Tennessee 


Pennsylvania 
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York 8&6A-4 

Niles, John L., 
30A-2 

Nill, John J., Minneapolis Honeywell Regulator Company, Wayne 
and Windrim Avenue, Philadelphia 44, Pennsylvania 31A-2 

Nilsson, Rodney O., 8. K. Williams Company, 2370 North Thirty- 
second, Milwaukee 10, Wisconsin 45A-2 

Nimtz, Roderick L., 494 Parkside Drive, Bay Village, Ohio 7A-2 

Nippert, Russell A., 224 Tucker Drive, Worthington, Ohio 1/A-2 

Nissimov, Leon H., 701 West One Hundred Seventy-seventh 
Street, New York 33, New York 5M-4 

Nissley, Harold R., 3514 Radcliffe Road, Cleveland Heights 21, 
Ohio 7M-4 

Nitehie, Edward B., 
61A-2 

Nitkiewicz, Joseph, 22901 Frederick, Farmington, Michigan 47A-2 

Niven, Vernon D., 133 Wonderwood Drive, Charlotte, North 
Carolina 8&3A-2 

Nix, Charles L., 6143 Webbland, Cincinnati 13, Ohio 8&M-4 

Nix, Dan A., 1323 Monte Verde, Upland, California 78A-2 

Nixon, George A., Box 73, Iraan, Texas (A-/ 

Noble, Robert G., 175 Wilson Avenue, Wollaston, Massachusetts 
30A-2 

Noble, Robert H., 1519 Granger, Ann Arbor, Michigan 47A-2 

Noda, Clarence, 1639 West Thirty-sixth Street, Los Angeles 18, 
California 23A-1 

Nodland, Marvin J., 6106 South Ellis, Apartment 3C, Chicago 37, 
Illinois 25A-1 

Noettl, John N., 9811 Nolte Drive, St. Louis 21, Missouri 

Nolan, Edgar M., 250 Deer Trail, Canfield, Ohio 24M-3 

Nolan, James M., 520 Make Peace Street, Sanford, North Caro- 
lina 66A-1 

Nolan, John B., Alco Products, Incorporation, 1 Nott Street, 
Schenectady 5, New York OM-3 

Nolan, John J., 9052 South Dauphin (Rear), Chicago 19, Illinois 
25A-1 

Noll, Leo E., Thompson Ramo Wooldridge, Incorporated, 601 East 
Market Street, Danville, Pennsylvania &9A-2 

Noller, Carl W., 323 Longacres Lane, Plum Grove Estates, Palatin, 
Illinois 25M-4 

Nolte, Charles A., 36 Fire Fly Court, Manchester, Missouri 16A-2 

Nolte, Reginald G., R.R. 4, Box 360, Thiensville, Wisconsin 
{5AF-4 

Noonan, John J., 308 West Loma Lane, Phoenix, Arizona 70A-2 

Noonan, Peter B., 155 Burke Street, East Hartford, Connecticut 
75A-2 

Nordahl, James D., P.O. Box 71, Livermore, California 12M-4 

Norden, Peter V., 20 Amherst Place, Hartsdale, New York 5M-4 

Norderhus, Paul J., General Electric Company, 222-T Building, 
200 West Area, Richland, Washington 0M-3 

Nordstrom, Joseph A., Northeastern University, 360 Huntington 
Avenue, Boston, Massachusetts 68M-3 

Nordstrom, Lloyd W., 2352 Homestead Road, Apartment 8, Santa 
Clara, California 37A-] 

Nordstrom, Virgil D., 10146 Thirty-second Place 
66, Washington 20A-2 

Norem, Bert H., Chairman, Industrial Engineering, Syracuse Uni- 
versity, Svracuse 10, New York 13M-4 

Noren, Walfred N., 1825 East Colter, Phoenix, Arizona 70M-4 

Norman, Benjamin F., III, 330 Lekewood, Nacogdoches, Texas 
OA-1 

Norman, Thomas 8., 129 Minnesota Street, Rochester 9, New « 
York 44A-2 

Norrick, Leslie R., 517 Wimer Circle, Pittsburgh 37, Pennsylvania 
3A-3 

Norris, L. H., Jr.. 309 Hope Street, Marietta, Georgia 6M-4 

Norris, William R., Box 637, Broken Bow, Oklahoma (OA-1 

Northall, James E., 91 Alstead Street, North Quincy, Massachu- 
setts 30A-2 

Northrup, John F., 521 Currie Way, Birmingham 9, Alabama 
9A-4 

Northwood, Jack E., 539 South Franklin, Dunkirk, Indiana 0A-3 

Norton, Harry E., 24360 Garden Drive, Euclid 23, Ohio 7M-4 

Norton, Robert E., Industrial Engineering B-23, Eastman Kodak 
Company, 1669 Lake Avenue, Rochester 4, New York 44A-2 


Ansonia Mills, East Taunton, Massachusetts 


36 Plymouth Road, Summit, New Jersey 


16A-2 


,_ NS.W., Seattle 
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Notter, Erwin W., 528 Oakwood Street, Easton, Pennsylvania 
7/7 A-2 

Nottingham, Aulmon J., Box 596, Narrows, Virginia 81A-/ 

Norval, George B., Methods Engineering, American Optical Com- 
pany, Canada Limited, Box 310, Belleville, 
87 A-1 

Norvill, Robert V 
59M-3 

Norville, John A., 
| ind {$2A-2 

Norwood, Don L., 2012 Old Orchard Drive, Dallas, Texas J10A-1 

Novak, Jack S., 5427 Elmbank Road, Rolling Hills, California 
23A-1 

Novack, Nick T.. 489 Howard Avenue. 

Novak, Walter J.. 4708 Hatz. St 
16A-2 

Novotnak, Edward A., 134 Marham Road, Homestead Park, Mun- 
hall, Pennsylvania 3A-/ 

Novotny, James | 1535 South Fifty-ninth Avenue 
Illinois 25A-/ 

Nowak, Carol C., 1981 Wingate Drive, Chamblee, 

Noymer, Arthur A., 6 Ames Road, Marblehead, 
30M -4 

Noynaert, Paul J Industrial Engineering, Sheffield 
Division, Armco Steel Corporation, 7100 Roberts, Kansas City 
25, Missouri 92M-4 

Nuckolls, Edward W., 186 Mellwood Drive 
Carolina &3A-2 

Nugent, Allan W., 570 Lakewood Road, Walnut Creek, California 
12AF-3 

Nunez, Manuel A., P.O 

Nunn, Stephen 8., Jr 

Nurse, Richard W., 
15AF-3 

Nutson, William T 
Canada 87 M-3 

Nutt, John Carson, Douds, lowa (OA-/] 

Nutt, Merle C., 2119 West Edgemont, Phoenix, Arizona 70M-4 

Nuttall, Robert E., 56 West Seventh, North, Orem, Utah 50A-2 

Nutting, Sidney Thomas, Jr., Union Bag Camp Paper Corporation, 
Franklin, Virginia 99M-4 

N ve Frederick N New York Centra 
New York 17, New York 5M-4 

Nyquist, Philip J., 1285 Millbury Street, Worcester 


setts 6&A- 


Ontario, Canada 
1316 Indiana, N.E., Albuquerque, New Mexico 


310 Seventh Avenue, N.E., Glen Burnie, Mary- 


Akron 12, Ohio 52AF-4 
Louis County 20, Missouri 


. Cicero 50 


Georgia 6A-4 
Massachusetts 


Supervisor, 


Charlotte 8, North 


Puerto Rico OA-1 
King, Tucson, Arizona 70A-2 
Second Street, Tulsa, Oklahoma 


30x 3456. Cavey 
902 East 


5762 West 


7 Cedarbank Crescent, Don Mills, Ontario, 


Svstem, 230 Park Avenue 


7, Massachu- 


Oathout How ard C., 1517 Maxwell Street, East Ridge 1] 
see 54A-2 
Obert, Thomas W 
37 A-1 
O’Bomsawin, Gerard J., Industrial Engineering Superintendent 
Aluminum Company of Canada, Limited, Isle Maligne, Que- 
bec Canada { V -3 
O’Brien, Herbert S., 119-4 
95 M-4 

O'Brien, James Ff 
consin 45M-/ 

O’Brien, James P.. 60 Navajo Road, Springfield, Massachusetts 
944-2 

Ochterbeck, Donald W., 203 Archer 

O’Clare, Albert R., 3301 P Street, N.W 
Columbia 14M-4 

O'Connell, Daniel E., 2753 Ohio Avenue, 
fornia 37 A-1 

O'Connell, Daniel G., 425 Atwood Street 
vania 3A-] 

O'Connell, John, Messrs. Lake/Elliot Limited, Chapel Hill, Brain- 
tree, Essex, England (0A-/ 

O'Connell, Joseph P., 24006 Huber Avenue 
23A-1 

O’Connell, Timothy W 

O'Connor, Charles W 
setts 30A-2 

O'Connor, Donald T., R.R. 4, Crawfordsville, 

O'Connor, John E 


. Tennes- 


, 209 West Fortieth Avenue, San Mateo, Cali- 


lornia 
{ingdahl Court, Rome, New York 


. 1436 West Heather Lane Milw iukee 17, Wis- 


Dallas 11, Texas J0A-1 


, Washington, District of 
Redwood ( itv, Cali- 


Pittsburgh 13, Pennsyl- 


Lomita, California 


, 5416 Yermo, Toledo 13, Ohio 36AF-4 
, 36 Woodland Road, Wakefield, Massachu- 


Indiana 35A-2 
Plant Industrial Engineer, International Har- 


March—April, 1960 


vester Company, 1360 Fifty-ninth, Emeryville, California 
12M-4 

O’Connor, Joseph M., 520 East Grant Street, Olyphant, Pennsyl- 
vania 77AF-4 

O'Connor, Richard W., 90 Maple Hill Road, Huntington, New 
York 86M-4 

O’Connor, Robert B., 48201 Evergreen Drive, Lisle, Illinois 25A-3 

O’Connor, Roderick A., Jr., 112 North Third Street, Geneva, Illi- 
nois 25A-1 

O'Connor, Thomas F., 2830 Morgan Avenue, Oakland 2, California 
12M-4 

Ode ll. George J 9 
setts 62AF-4 

Odencrantz, Robert B., 
Mexico 52A-2 

Odom, Ralph G., 8618 West Eleventh Avenue, Phoenix, Arizona 
70A-2 

O'Donnell, Paul Daniel, 3568 Ridgewood Drive, Pittsburgh 35, 
Pennsylvania 3M-3 

Ogburn, William E., 1850 Swain Road, Winston-Salem, North 
Carolina 21A-2 

Ogden, Robert S., 154 Le Gran Road, Rochester 17, New York 
14M-4 

Ogle, Kenneth A., 5438 Chippewa, St. Louis 9, Missouri 16A-2 

Oglesby, Robert S., Box 708, Ogden Dunes, Gary, Indiana 53A-3 

O'Hara, H., 2813 South Flower Street, Los Angeles 7, California 
23AF-3 

Ohmart, Lowman T 
sylvania 77M-4 

Oiler, Eugene W., Jr., 29524 Bruce Drive, Willowick, Ohio 7AF-4 

O'Keeffe, William H., 5853 Rhode Island Avenue, Cincinnati 37, 
Ohio 8A-2 

O'Kelly, Guy L., Jr., 133 East San Jose Avenue, Claremont, Cali- 
fornia 43A-2 

Okenfuss, Wilfred A., Wagner Electric Corporation, 6400 Plym- 
outh Avenue, St. Louis 14, Missouri 16M-4 

Okin, Mrs. Jack, 160 Prospect Street, East Orange, New Jersey 
61A-2 

Okrepkie, Ralph G., 
setts 62A-2 

Oldham, Marvin Earl, Caterpillar Tractor Company, 800 Davis 
Street, San Leandro, California 12M-4 

Olejnik, Stanley N., Western Electric Company, Incorporated, 
Box 1409, Peony Park Station, Omaha 14, Nebraska 90M-4 

Olesiuk, Metsie A., 234 Pine Grove, Rochester 17, New York 
44A-2 

Olijnek, Nicholas, 3240 Drew Avenue, N., Minneapolis 22, Minne- 
sota 38M -4 

Olinger, George F., 3744 Salem Avenue, Dayton 6, Ohio 2M-4 

Oliver, Duward H., 67 North Holmes, Memphis 11, Tennessee 
28A-2 

Oliver, Jack D., c/o Martin Company, M. B. 83, Orlando, Florida 
27 A-2 

Oliver, Roy C., Jr., Box 572, Hawkins, Texas 60A-2 

Oliver, William E., Eli Lilly and Company, 740 South Alabama, 
Indianapolis 6, Indiana 65M-4 

Oliver, William H., American-Standard, Bond Plant, 25 Rano 
Street, Buffalo 7, New York 49M-3 

Olivet, Louis V., Jr., 15 White Street, Lunenburg, Massachusetts 
30A-2 

Oller, Hugh H., 4301 Diane Drive, Mobile, Alabama 79AF-4 

Ollila, Raymond J., 5706 Verna Way, Concord, California 12M-4 

Olm, Kenneth W., 6100 Nasco Drive, Austin 5, Texas 39A-2 

Olmsted, Gerald W., 3702 Redwood Circle, Palo Alto, California 
37 A-1 

Olscheske, 
2A-4 

Olsen, Carl E., 235 Farragut Street, Park Forest, Illinois 25M-4 

Olsen, Don J., Manager of Product Containers, Lehn and Fink 
Products Corporation, 192 Bloomfield Avenue, Bloomfield, 
New Jersey 61A-2 

Olsen, Frank P., 13 Clems Drive, Essex Junction, Vermont (0A-/ 

Olsen, William R., 2094 Delmont Drive, Salt Lake City, Utah 
50M-4 

Olsin, George, 4401 Elmwood Road, South Euclid 21, Ohio 7A-4 


9 Southwick Road, North Reading, Massachu- 


3008 Mann Drive, Silver City, New 


, 601 South Tenth Street, Allentown, Penn- 


105 Haverhill Street, Lawrence, Massachu- 


Louis E., 4660 Arcadia Boulevard, Dayton 3, Ohio 
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Olson, Arthur M., 650 Vernon Road, Springfield, Pennsylvania 
31M-4 

Olson, Frederick G., 1721 Eleventh Avenue, Moline, Illinois 
16M-4 


Olson, Gordon A., 170 Juniper Road, Scarsdale, New York 5A-2 

Olson, Robert L., 3027 South Grant, Evergreen, Colorado 32A-1 

Oltmanns, Robert G., 3228 North Ridgewood Drive, Midwest 
City, Oklahoma 57A-4 

O'Malley, Charles P., 5509 Lorain Avenue, Cleveland 2, Ohio 
7A-2 

Ondercin, John S., 822 Swigart Drive, Fairborn, Ohio 2A-2 

Oneil, Robert S., Bearings Company of American Division, 501 
Harrisburg Avenue, Lancaster, Pennsylvania 71A-2 

O'Neill, Joseph W., Jr. 171 Knickerbocker Avenue, Stamford, 
Connecticut 8&2M-4 

O'Neill, Paul B. 3 Hickory Lane, Barrington, Rhode Island 
O0A-3 

O'Neill, Richard P., 128 Fairfield Avenue, Syracuse 7, New York 
13A-2 

O'Neill, William T., 222 Hamilton, Glen Rock, New Jersey 61A-4 

Oniga, John, National Serew and Manufacturing Company, 2440 
East Seventy-fifth Street, Cleveland 4, Ohio 7M-4 

Ono, Tsuneo, Nippon Management Association, Sanko-Building, 
2-5 chome Ginza-Nishi, Chuo-Ku, Tokyo, Japan 0M-3 

Oommen, J., Industrial Engineering Department, TISCO, Jam- 
shedpur-l, India 4M-S 

Openchowski, Andrew K., 840 Balboa Avenue, Coronado 18, Cali- 
fornia 29M-3 

Opengart, Alfred, 70-11 One Hundred Eighth Street, Forest Hills 
75, New York 5A-2 

Opferman tobert, 5425 Eastman Drive, Lorain, Ohio 7M-4 

A., 415 Hathaway Drive, W., San Antonio 9, 


Oppenheimer, Jesse 


Texas 39AF-4 

Oreutt, Charles W., Jr, RR. 7, Burlington, North Carolina 
66M-3 

Ordway, Edwin N., Jr., 17-10 Split Rock Road, Fair Lawn, New 


Jersey 5A-4 
Orway, Richard C., Process Engineer, Bingham-Willamette, 2800 
Northwest Front Avenue, Portland 10, Oregon 67AF-3 
Orensteen, Roger B., 175 Westwood Street, Park Forest, Illinois 
25 A-1 

Orloff, Eugene, 26 Catherwood Crescent, Huntington, Long Island, 
New York 5M-4 

Ormond, Jol n G Engineering Department, Union Carbide 
Chemical Company, Box 750, Whiting, Indiana 53A-1 

Orndahl, C. Lennart, 183% Barrington Street, Rochester 2, New 
York 44A-2 

Ornstein, Melvin, 4115 One Hundred Fifty-third Avenue, 
vue, Washington 20A-4 

Orphan, Kieth C., 34 Hendry Road, Durban, Natal, South Africa 
OM-3 

Orr, George E., R.R. 2, Clinton, New York 85AF-4 

Orr, Sydney C., Jr., 2473 Ash Drive, Springfield, Ohio OM-3 

Ortendahl, Carl C., 90 Bond Street, Norwood, Massachusetts 
30A-4 

Ortendahl, Raymond B., 1614 Norwood Avenue, Prospect Park, 
Pennsylvania 31/M-4 

Osalza, Donald J., R.R. 5, Lake Hayward, Colchester 14, Con- 
necticut 75A-4 

Osborn, Ned D., 6237 South Fairfax Avenue, Los Angeles 56, 
California 23A-] 

Osborn, Russell W., Jr 


Belle- 


209 Main Street, Amesbury, Massachusetts 


62M-4 
Osburn, Sherman L., 415 West Dickson Avenue, San Antonio 14, 
Texas 39M-4 


Ossorio, Earl K., 1303 Baldwin Drive, Orlando, Florida 27A-2 

Osterberg, George B., 117 Longman Avenue, Ann Arbor, Michigan 
O0M-3 

Osterlind R., 3324 Via La Selva, Palos Verdes Estates, California 
23M-4 

Ostrognai, Ernest R., 1825 East Thirty-second Street, Lorain, 
Ohio 2M-4 

Ostrowski, Richard A., 5201 Tower Road, Riverside, California 
78M-4 
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Osumi, Ernest T., 751 North State Road 7, Fort Lauderdale, 
Florida QA-1 

Oteiza, Enrique, c/o Paul Dedyn, Paseo Colon 800, Cristalerias 
Rigolleau, South America, Buenos Aires, Argentina 0AF-3 

Otey, Herbert C., Jr., 2648 Thomas Boulevard, Port Arthur, Texas 
0A-1 

Otis, Irvin, 20545 St. Marys, Detroit 35, Michigan 47A-2 

Otis, John J., Brown-Lipe-Chapin Division General Motors Cor- 
poration, Town Line Road, Syracuse 1, New York 13A-2 

Otremba, Frank C., Jr., 5046 Jackson Boulevard, Lake Cable, 
Canton 8, Ohio 19M-3 

Ott, Howard F., 280 Upland Avenue, Youngstown 4, Ohio 24A-1 

Ottosen, Marvin L., Box 725, McGill, Nevada (0A-1 

Otwell, Orville V., 784 Maple Street, Spartanburg, South Carolina 
0A-1 

Ouimet, William C., Jr., 
vania OA-! 

Overbev, W. R., 
16M-4 

Overmyer, Paul A., 
36A-2 

Overton, David A., P.O. Box P, Oak Ridge, Tennessee 11M-4 

Owades, Henry M., 526 Pemberton Avenue, Plainfield, New Jersey 
5A-4 

Owen, Cleveland E., 10125 Daryl Drive, 
ana 41]A-3 

Owen, Halsey F., 171 Littleton, West Lafayette, Indiana 35M-4 

Owen, Samuel H., 1705 Meadowbrook Drive, Winston-Salem, 
North Carolina 21]A-2 

Owens, Berl W., Department of Mechanical Engineering, Univer- 
sity of Washington, Seattle 5, Washington 20M-4 

Owens, Desmond, 16025 Greenridge Terrace, Los Gatos, California 


265 College Avenue, Beaver, Pennsyl- 
2840 North Spring Street, St. Louis 7, Missouri 


Rossford Ordnance Depot, Toledo 1, Ohio 


Baton Rouge 6, Louisi- 


37 A-1 

Owens, Donald B., 3910 Woodrow Drive, Port Arthur, Texas 
O0A-1 

Owens, Jimmie M., Mead Corporation, Kingsport, Tennessee 
17A-1 


Owens, William C., Uniflow Manufacturing Company, 1525 East 
Lake Road, Erie, Pennsylvania 51A-2 

Ozanne, Warren, 4736 Homer, Dallas, Texas J0A-1 

Pace, Alfred T., 464 Saratoga Street, East Boston, Massachusetts 
30A-2 

Pace, Eldon, 282 North Lakeview, Clearfield, Utah 50A-2 

Pace, Morton L., 4403 Live Oak Lane, Chattanooga 11, Tennesse« 
54A-2 

Paden, Harry E., Chief Industrial Engineer, American Sterilizer 
Company, 2424 West Twenty-third Street, Erie, Pennsylvania 
51M-4 

Paden, Ralph S., Aladdin Road, Lookout Mountain, Tennessee 
54A-2 

Padilla, Robert, Jr., 309 Glenway Road, Bristol, Tennessec 

Paffrath, Fred G., 22 Woodland Court, 
Jersey 61A-4 

Page, Clayton E., 
30A-2 

Page, Edward L., Department of Industrial Engineering, Univer- 
sity of Michigan, Ann Arbor, Michigan 47M-4 

Page, Robert H., Johns-Manville Products Corporation, Zeli- 
enople, Pennsylvania 3A-/ 
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Russell, Edward B., 
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19M -3 
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65M-4 
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Dallas 30, Texas JI0A-I 
Ninety-ninth Street, New York 25, 
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Colorado 32A-3 
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Bellevue, Ohio 36A-2 
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Livermore, California 


380 Windsor Avenue, Glen Ellyn, IIli- 


Crucible Steel Company of America, Spaulding 
Works, South Fourth Street, Harrison, New Jersey 61M-4 

Ryan, Robert S., Columbia Gas System Service, 1600 Dublin 
toad, Columbus 12, Ohio 1M-4 

Rydalch, Robert V., 2773 South 8400, W., Magna, Utah 50A-2 

{vdberg, R. G., International Business Machines, Neighborhood 
Road, Kingston, New York 76A-2 
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Rynd, Wilbur B., 3908 Sanquinet Street, Ft. Worth 7, Texas 
10M-3 


Sabin, James G., 164 Cedar Street, Corning, New York 48A-1 

Sabot, Peter, 1644 Twenty-first Street, N.W., Washington 9, Dis- 
trict of Columbia 14A-2 

Sachs, Benjamin K., 28 Radcliff Drive, Huntington, New York 
86M-4 

Sachs, John H., 10 Hillside Avenue, New York 40, New York 
5A-2 

Sachse, Marvin H., 366 North Laurel Avenue, Los Angeles 48, 
California 23A-1 

Sadar, Laddie J., Thompson Products, Incorporated, 12818 Cort 
Road, Cleveland 8, Ohio 7AF-4 

Sadd, George E., 4307 Shroyer Road, Apartment 3, Kettering 
29, Ohio 2A-2 

Sadek, George, P.O. Box 761, Trenton, New Jersey 31A-4 

Sadewick, Alfred R., 10315 Southwest Homestead Lane, Beaver- 
ton, Oregon 67M-3 

Sadlon, Michael W., 1142 Vine Street, Liverpool, New York 
13A-2 

Saettone, Ricardo A., Cerro de Pasco Corporation, Industrial En- 
gineering Department, La Oroya, Peru, South America 0M-3 

Sage, Donald, 2359 Queen Drive, Apartment D, Winston-Salem, 
North Carolina 21A-2 

Sagerty, James P., 3201 Coolidge, Wichita 4, Kansas 56A-4 

Saha, Rakhal D., 6-218, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 30A-2 

Sahlie, Richard S., 1310 Hammock Avenue, Shelby, North Caro- 
lina 0M-3 

Saiki, Megumi, P.O. Box 197, Kilauea, Kauai, Hawaii (0AF-3 

Sailor, Myron D., Igleheart Brothers Incorporated, 1600 First 
Avenue, Evansville 15, Indiana 88&A-2 

Saintey, Robert C., 3504 Townsend, Dallas, Texas 10A-1 

St. Clair, Oscar A., Industrial Engineering, Texas Technological 
College, Lubbock, Texas 0M-3 

St. James, Edgar E., The Haloid Company, 6 Haloid Street, 
Rochester 3, New York 44A-2 

St. Martin, Ronald F., 2613 Fifth, Peru, Illinois 80M-4 

Sajem, Johnny E., 505 Page Avenue, Atlanta, Georgia 6A-2 

Salapatas, James N., 6939 South Bennett Avenue, Chicago 49, 
Illinois 25A-1 

Salesky, Harry M., 7 East Sun Valley Drive, R.D. 1, Sunbury, 
Pennsylvania 89A-2 

Salmon, Charles R., 276 Markham Place, Pasadena 2, California 
23A-1 

Salmond, Burwell B., 108 Forest Ridge Drive, Marietta, Georgia 
6A-2 

Salomon, Abby R., 17 Fox Hunt Lane, Great Neck, Long Island, 
New York 5A-2 

Saltzman, Jerome, 601 
76M-4 

Saltzman, Sidney, Department of Industrial and Engineering Ad- 
ministration, Upson Hall, Cornell University, Ithaca, New 
York 48M-3 

Salveson, Melvin E., 16 Parish Road, New Canaan, Connecticut 
&2M-4 

Samain, Frederick A., 3400 West Eighty-fourth Place, Inglewood 
4, California 23M-4 

Same, Elmer W., Jr., 274 Sandalwood Drive, Rochester 16, New 
York 44M-4 

Samers, Bernard N., 140 Hoyt Street, Stamford, Connecticut 
82A-2 

Samida, John M., 240 Piedmont Avenue, Claremont, California 
78A-2 

Samson, Charles W., 
California 23AF-3 

Samson, David W., 3408 Humboldt Way, Sacramento 21, Cali- 
fornia 43M-4 

Sampson, Martin W., Cornell University, College of Engineering, 
Ithaca, New York 48M-3 

Sandell, Albert R., 3027 Sterling Way, Redwood City, California 
37M-4 

Sandell, James A., Jr., 4906 Ross Road, Baltimore 14, Maryland 
42A-2 


Nelson Avenue, Peekskill, New York 


129 Forty-first Street, Manhattan Beach, 
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Sander, Charles G., Jr., 

61A-2 

Sanders, Frank J., Ji )7 
svyivania 2/4M- 

tichard L 3133 East One 
Cleveland 4, Ohio /A-2 

Sander, Samuel L., 1820434 H and HS, MCAS, Quantico, Vir- 
ginia A-] 

Sanderson, David D., Jr 
South Carolina (0A-1 

Sandford, James F., 256 Valley Road, Wayne, 

Sandford, William A., William Neilson-Toronto, 299 Gladstone 
Avenue, Toronto 9, Ontario, Canada 8&7M-3 

Sandin, Clarence R., 4109 Palo Duro, N.E., Albuquerque, New 
Mexico 59A-] 

Sands, Charles D., 521 Penn Street, Whittier, California 23AF-3 

Sankhuny, G. K., Industrial Engineering Department, Singereni 
Collieries, Kothagudium, Central Rly, India 4A-S 

Sann, John B. 5906 The Alameda, Baltimore 12, Maryland 
{2 A-2? 

Sanocki, Leo, 808 North Inglewood Avenue 
fornia 23A-] 

Sanoh, Akira, 3 Kohama-higashi, Sumiyoshi, Osa, Japan (QA- 

Santner, Ulrich G., Unternberg 46, Tamsweg, Austria (@A-1 

Santorella, Alexander M., Hinde and Dauch Paper Company, 
Division of West Virginia Pulp and Paper, 550 Ninth Street 
Hoboken, New Jersey 61A-2 

Sarcinella Frank A., 1250 Leland Avenue, 
5A-4 

Sardana, Lal, 500 West Otterman Street 
vania 3A-] 
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8A-2 

Savarino, Joseph A., 
7 A-2 

Arnold J., 28 Old Pond Road, Great Neck, New York 
5A-2 

Savitz, George W., P.O. Box 175, Wavland, New York 44A-2 

Sawin, Wesley E., P.O. Box 433, 371 Main Street, Oxford, Massa- 
chusetts 68A-2 

Ssawvet! Thomas E . Jr 


shire 62A-2 
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Street, Belleville, Illi- 


of Engineering, Cornel] University 


Dallas 20, Texas 
Ronald P., 41 Harwood Road, Spencerport, New York 
Dallas 31, Texas 
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Cincinnati 42, Ohio 
29703 Grand Boulevard, Wickliffe, Ohio 


Ssavitt 
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Save, Henry A., 
6A-2 
Savles, Maynard A., 342 East Swan Avenue, Webster Groves 19. 
Missouri J6M-4 
Savlor, Charles E., 324% 
California 23A-] 
Saylor, Paul D., 1459 East Rand, Hobart, Indiana 53A-/ 
Scalise, George L., 606 Orchard Hill Drive, Louisville 14, Ken- 
tucky 18M-3 
Scamardi, Jack, 11209 Clematis Lane, Houston 35, Texas 22M-/ 
Scanlon, Glenwood C., 8 Maple Avenue, M.R. 97, Binghamton, 
New York 96A-1 
carzella, Jack R., 54 Woodland Drive 
12A-2 
chachne, Stanley H., 233 West Ejighty-third Street, New York 
24, New York 5A-2 
hacht, Neil, 2405 Crest Ridge, Dallas 28, Texas 
chaefer, John M., 1838 South Fourteenth Avenue, 
Illinois 25A-] 
Schaefer, Julius L., 9 Northway, Hartsdale, New York 
Schaefer, William J., 301 Mac Lane, Palo Alto, California 37M-4 
Schafer, Albert C., 244 Windsor Avenue, Urbana, Ohio (@A-/ 
Frederick E., 557 Allenby Avenue, Pittsburgh 18, Penn- 
svivania 3A-] 
Schafer, Ray E., 834 Towne Street ‘osta Mesa, California 
23AF-3 
Schaffer, Kenneth E., 65 Manor Drive, 
61A-2 
chafir, Kurt H., 310 East Seventy-first Street, New York 21 
New York 5M-4 
chaffir, Walter B., 63 Scudders Lane Glen He id, Long Island, 
New York 5M-4 
hainholz, Herbert, 80 Bennett Avenue, New York 33, New 
York 5A-2 
Marvin, 5 Driftwav Road, 


997 Ponce De Leon Avenue, Atlanta 6, Georgia 


Twenty-third Place 


, Manhattan Beach, 


, Walnut Creek, California 


10A-3 
Broadview 


5M-4 


Schafer, 


Newark 6, New Jersey 


chancuy p 


5A-2 


Danbury, Connecticut 


harff, Sam E., 733 (¢ imelet Lane, Houston 24, Texas 22M-4 
chasnv, Theodore, Jr.. 165 Bevier Road, New Brunswick, New 
Jersey 61A-2 
haumburg, Grant W., P.O. Box 510, Provo, Utah 50M-4 
chauman, Norman S., 4314 Esteswood toad, Nashville, Ten- 
73M-3 
check, George H., Production Engineer, Stromberg-Carlson Com- 
pany, 100 Carlson Road, Rochester 3, New York 44M-4 
ck, Timothy R., 525 Venado Vista Drive, La Canada, Cali- 
fornia 23A-] 
cheele, Evan D., Rapid-American Corporation, 711 Fifth Avenue 
New York 22, New York 5M-4 
cheffer, Paul E., 14026 East Mulberry Drive, 
fornia 23M-4 
heh Leonard H 3716 Downey Dale Drive, Randallstown 
M irvl ind {2 AF- f 
cheinman, Burton, 265 Beach One Hundred Thirty-fifth Street 
Belle Harbor 94, New York 5M-4 
cheirer, Robert David, Jr., C. H. Masland and Sons, Carlisle, 
Pennsylvania 95M-4 
{ussell E., Jr., 1036 Linden Street 
sylvania 77M-4 
heirich, Henry J., II, H. J. Scheirich Manufacturing Com- 
pany, 4460 Louisville Avenue, Louisville 9, Kentucky J8A-/ 
Schell, John B., 630 Maryland Avenue, Erie, Pennsylvania 5/A-2 
Schell, Liguori J., Jr., 3557 Ludgate Road, Shaker Heights 20 
Ohio 7A-4 
Schell, Steadman B., Jr., 246 South Colonial Homes Circle, At- 
lanta 9, Georgia 6A-2 
Scherl, Marvin S., 98 Van Cortlandt Park, South, Bronx 63, New 
York 5A-2 
Scherr, Harold M., Box 4218, San Antonio 7, Texas 39M-4 
Scherrer, William A., Edmont Manufacturing Company, 1300 
Walnut Street, Coshocton, Ohio JA-2 
Schetky, Malcolm O., USS. William M. Wood DDR 715, c/o 
FPO, New York, New York (0A-1 
Schiewetz, Thomas Martin, The Standard Register Company 
Midwe st Division, Favette ville, Arkansas 15M-3 


nesse¢ 


Whittier, Cali- 


cheirer, Allentown, Penn- 
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Schiffman, Gerald J., 
York 5A-2 
schiltz, James ( 
Missouri 92A-2 
himke tobert S 
San Francisco 
California 37A-/ 
schindler, Earl F., I 1031, Pearisburg, Virginia 
chirm, William P., . 518 East 
Georgia 26A-] 
schirmer, Robert F., E. I. DuPont, 30 East 
Building, Wilmington 98, Delaware J00A-1 
Schleich, Grant W 12 Hillerest Lane, Woodbury, New York 
5A-2? 
chleif, Edward Llewellyn, 11 Kerr A 
12M-4 
Schleif, Don C., Route 1, Daisy, Tennessee 54AF-4 
schliffke, Carl C., Plant Industrial Engineer, Procter and Gamble 
Manufacturing Company, Nineteenth and Kansas Avenue, 
Kansas City 5 is 92M-4 
William Allen-Bradley Company, 136 West 
Greenfield Avenue ilwaukee 4, Wisconsin 45A-2 
Ja 
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w York 96A-1 
ipan 26, Massa- 


schneider, Martin F., 4231 Emersor Texas J0A-1 

chneider, Richard F., 23036 Brookside Drive, North, Dearborn 9, 
Michigan 47A-2 

Schneider, Walter J.. Ji tox D, Stanford, California 37A-] 

schimmell, Jean W., 2257 Jefferson, Evansville 14, Indiana 88&A-2 

chnugg, George M., United States Company, 1 Market 
Street, Passai Jersey 61M-4 

chock, J. Frederick, Leeds 


ind Northrup Company, 4901 Stenton 


March—April, 1960 


Avenue, Philadelphia 44, Pennsylvania 31M-4 

Schoeller, Kenneth W., 774 Fairfield Avenue, Elmhurst, Illinois 
25A-3 

Schoeller, V. Donald, Director Management Development, Rem- 
ington Rand, 1 Atlantic Street, Stamford, Connecticut 5M-4 

Schoenenberger, Charles P., 131 Sycamore Street, Holyoke, Massa- 
chusetts 94M-4 

Schoenfeldt, Emil C., Sinclair Pipe Line Company, Sinclair 
Building, Independence, Kansas 0M-3 

Schofield, Jack H., 22 Weaver Circle, North Haven, Connecticut 
72M-4 

Schofield, Louis S., Western Electric Company, Department 231, 
Winston-Salem, North Carolina 2/M-4 

Schoman, Charles M., Jr., 809 Willow Grove Road, Westfield, New 
Jersey 5A-2 

Schonman, William, Jr., 66 Rolling Ridge Road, Holden, Massa- 
chusetts 68A-3 

Schoppert, Richard C., 1640 Lucas, Artillery Village, Ft. Sill, Okla- 
homa OA-] 

Schor, Robert M., 175 Griswold Drive, West Hartford 7, Con- 
necticut 75A-2 

Schornack, George A., Orangewood Acres, 11401 Santa Ana Free- 
way, Anaheim, California 23M-4 

Schorr, Donald G., 1662 Harwich Road, Cleveland 24, Ohio 7M-4 

Schorr, Saadia M., 39 Ganung Drive, Ossining, New York 5M-4 

Schotland, Roy C., 333 Nita Avenue, Mountain View, California 
37 M-4 

Schowen, Clarence M., Route 1, 
58A-2 


Box 195, Nitro, West Virginia 


rader, George Frederick, University of Illinois, 225 Mechanical 
Engineering Building, Urbana, Illinois 80M-4 
chrage, Wayne C., 1841 Glenwood Road, Glendale 1, California 
23A-1 
chreiber, Justus T., 1 Washington Avenue, Building 12, Apart- 
ment 4-A, Morristown, New Jersey 61A-4 
reiber, Saunders A., 5710 Access Road, Dayton 31, Ohio 2A-2 
hreimann, Harold H., 11722 Claychester Drive, St. Louis 31, 
Missouri 16M-4 
reiner, Donald A., 530 Winston Drive, Johnson City, New York 
96A-1 
hroedel, Karl B., 314 Anthon Drive, Pittsburgh 35, Pennsylvania 
3A-1 
hubert, Carl W., c/o Eli Lilly and Company, 740 South Alabama 
Street, Indianapolis 6, Indiana 65A-2 
chuchman, Andrew H., Valley Mould and Iron Corporation, One 
Hundred Eighth and Calumet River, Chicago 17, Illinois 
53M-3 
chuerger, Warren P., 1401 Southfield Road, Evansville, Indiana 
88 A-2 
chuett, John L., 6210 Amboy, Dearborn, Michigan 47A-2 
chulenburg, Burton G., 3588 Conejo Drive, San Bernardino, Cali- 
fornia 78&A-4 
hulte, William L., Gunite Foundries, Peoples Avenue, Rockford, 
Illinois OM-3 
chumacher, Charles H., 328 Lexington Drive, 
fornia 37M-4 
Schutz, Adrian J. C., Time Study Department, Newport News 
Shipbuilding and Drydock Company, Newport News, Virginia 
99 A-2 
Schultz, Andrew S., Jr., Head, Department of Industrial Engineer- 
ing, Upson Hall, Cornell University, Ithaca, New York 48M-3 
Schulz, Eugene J., 6425 Fernhurst Avenue, Cleveland 30, Ohio 
7A-2 
Schultz, Gary E., Thirteenth Street, Box 373, West Point, Virginia 
OA-1 
Schultz, Lawrence F 
12M-4 
Schultz, Robert G., 2443 Ardmore Manor, Winston-Salem, North 
Carolina 21]A-4 
Schultz, William H., 1417 South Eighth West, Woods Cross, Utah 
50A-2 
Schultz, William R., 2677 Fairland Street, Cuyahoga Falls, Ohio 
52M-4 
Schulz, Ernst, 6325 Ravendale Lane, Dallas 14, Texas 
Schuyler, E. Glenn, Box 11012, Dallas 23, Texas 10A-3 


Menlo Park, Cali- 


, 952 Stannage Avenue, Albany 6, California 


10M-3 
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Schwamm, Carl L., Jr., 7515 Indiana Road, Toledo 12, Ohio 
36AF-4 

Schwan, Alferd P., John Deere Plow Works, 1225 Third Avenue, 
Moline, Illinois 46AF-4 

Schwan, Harry T., 2425 Meadow Road, N., 
25M -4 

Schwantes, John Warren, Binks Manufacturing Company, 3114 
Carroll Avenue, Chicago 12, Illinois 25M-4 

Schwantes, Wilbert H., 4719 North Forty-sixth Street, Milwaukee 
16, Wisconsin 45A-2 

Schwartz, Allan M., Industrial Engineer, Westinghouse Electric 
Corporation, 1216 West Fifty-eighth Street, Cleveland 1, Ohio 
7A-2 


Schwartz, 


Wilmette, Illinois 


Arthur, 2416 Menokin Drive, Apartment 201, Alexan- 
dria, Virginia 14A-2 

Schwartz, Herbert O., 6 Gruenther Court, Rockville 
{A-4 

Schwartz, Herbert S., 82 Hayes Road, Glen Lenox, Chapel Hill, 
North Carolina 66AF-3 

schwarz, Robert R., 17 Parkhill Avenue, Millbury, Massachusetts 
68 M-3 

schwegman, Merlin D., 8291 South Moody 
23M-4 

schweinhart, Maurice E., 1617 Nightingale 
Kentucky J18&A-3 

schweizer, Robert L 
York 19 A-] 

hwendemann, Edward T., Inland Steel Company, 3210 Watling 

Street, East Chicago, Indiana 53M-3 

Schwedinger, Royal O. G., 331 Orchard, Webster Groves, Mis- 
sourl J6M-4 

Schwind, William A 

Schwing, Richard E 
California J12A-2 

, Carl E., 658 Seymour Avenue, Columbus 5, Ohio 1A-2 

Schwint, Kenneth F., 32 Birch Lane, Plainview, New York 86A-2 

sciabbarrasi, Sebastian A., P.O. Box 3142, San Antonio 11, Texas 
39A-2? 

sclangula, George F., 511 Madison Avenue 
72A-2 

ciarro, Ste] St. 
68A-? 

sciolino, Samuel, 365 
19 A-] 

scoeca, Armand M., 30 Revere Road, Apartment 8, Drexel Hill, 
Pennsylv nla 31 A-2 

Scofield, J. Wayne, 5 Linwood Drive, Marshall, Texas 

coggins, Conyers D., 8069 Sholar Drive, 
ana 11A-1 

scott, Billy H 


, Marvland 


3uena Park, California 


Road, Louisville 13, 


515 Washington Highway, Synder 26, New 


117 Polk Street, Burlington, Iowa OA-] 
1160 York Street, Apartment 1, Pittsburg, 


schwinne 


York 


Pennsylvania 


Fairview Road, Westboro, 


Massachusetts 


Newburgh Avenue, Buffalo 15, New York 


60M-4 
Baton Rouge 8, Louis'- 


1700 Vinewood. Ft. Worth. Texas J0A-] 

ott, Ervin E., 1910 Northwest Eighth Street, Oklahoma City 6. 
Oklahoma 57A-2 

scott, John, III, 4074 Navaio Tr ul, Atlanta 19, Georgia 

scott, Preston H., 3364 Ewald Circle, Detroit 38, Michigan 47AF-4 

scott, Ronald A., Eighth Signal Battalion, APO 111, New York, 
New York (OA-/] 

scott, Thomas A., 5816 Wheaton Drive, Ft 
10M-3 

scott, Vern D., 3701 South Main, Independence, 

cott, Walter, Jr.. 56 Delaware Avenue. 
SH A-4 

eribner, Harry E., R.R. 19, Box 243B, 4045 East Seventv-seve nth 
Indianapolis 20, Indiana 65A-2 

seull, Lynn C., Watchung Avenue, Madison, New Jersey 

vully, Richard L., 6130 North Legett, Chicago 46, Illinois 

searle, Robert E., Bronze Heights, Caldwell, Ohio 7M-4 

sears, James A., 5600 Clairidge, Willoughby, Ohio 7A-2 

Richard P., 3665 Fillmore, San Francisco 23, California 


6M-4 


Worth 15, Texas 
Missouri 92A-2 
Freeport, New York 


61A-2 
25A-1 


seashore, 
12A-2 

‘eastrom, Walter E., 
fornia 23M-4 

sebell, Adolph L., Syracuse Ornamental Company, Syracuse, New 
York 13M-4 

Seberg, Frank J., 4133 Forty-seventh Avenue, S., Seattle 18, Wash- 
ington 20M-4 


6239 Mosley Avenue, Los Angeles 56, Cali- 
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Seccia, Arthur C., 63 Sandy Hollow Road, Port Washington, Long 
Island, New York 5M-4 

Secord, Kenneth C., 15 Nimrod Drive, Concord, Massachusetts 
30M-4 

Sedelmeier, Joseph H., 1645 Thirty-first Street, N.E., Canton 4, 
Ohio 19AF-3 

Sedenka, Oldry, B. F. Drakenfeld and Company, Incorporated, 
Box 519, Washington, Pennsylvania 0M-3 

Sedgwick, Edward V., 220 Bently Circle, Los Angeles 49, Cali- 
fornia 23AF-3 

Sedlacek, Frank J., 1432 Timberline Drive, Bettendorf, Iowa 
16A-4 

See, George C., 810 North Twenty-eighth Street, Orange, Texas 
0A-1 

Seeger, Frank L., 7150 Washington Avenue, University City 5, 
Missouri 16M-4 

Seelbach, Donald E., 75 De Santis Drive, Columbus 14 
1A-4 

Seeley, Donald E., 103 Linabary Avenue, Westerville, Ohio 1A-2 

Seeley, Merrill W., Hoerner Boxes, Incorporated, Main Street 
Road, Keokuk, Iowa (0A-1 

Seelig, M. Donald, 143 Warren Avenue, Chelmsford, Massachusetts 
30A-2 

Seetharaman, K., Industrial Engineering Department, Telco, Jam- 
shedpur-4, India 4A-S 

Segal, Perry, 1701 Sherwood Avenue 
Maryland 42M-4 

Segale, Clement L., Jr., 97-01 Ons 
Ozone Park, New York 5A-4 

Segerstrom, Ake, c/o Cia Chilena de Fosforos, Casilla 1835, Santi- 
ago, Chile OA-1 

Seggel, Lawrence R., 1515 McCullough Avenue, N.E., Huntsville, 
Alabama 69A-2 

Seggelin, Lawrence N., 


Ohio 


] 


Apartment D, Baltimore 14, 


Hundred Thirty-fifth Road, 


Bethlehem Stee] Company, Fore River 
Shipyard, Howard Street, Quincy, Massachusetts 30A-2 
Sehlmever, Ernst G 462 Deodora Drive, Los Altos, California 
37 A-1 

Seibert, Edwin A., 2157 East Maxwell Avenue, Evansville 11, In- 
diana 88A-2 

Seidenberg, Robert J., 208-26 Grand Central Parkway, Queens 
Village 27, New York 5A-2 

Seidler, Isidor B., 10 Crescent Lane Roslyn Heights, New York 
5M-4 

Seif, Donald W., 620 Arlington Avenue, McKeesport, Pennsylvania 
3A-] 

Seifert, Albert Jacob, 3173 Stockton Avenue P Palo Alto, California 
37 M-4 

Seigler, Irwin S., Jr., P.O. Box 65, Summerville 
OA-1 

Seinsheimer, Walter G 
Ohio 8&M-4 

Seitz, L. Raymond, 2429 Crystal Lane, York, Pennsylvania 
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Tolstrup, Richard W., General Electric Company, 1 River Road, 
Building #81-2, Schenectady 5, New York O0M-3 
Tombari, Aldo L., 5945 Claystone, Sylvania, Ohio 36M-4 
Tomko, Leonard J., 256 South Lehigh Avenue P Frackville, 
svivania 8&9A-2 
Tompkins, Albert M., 
Ohio OAF-3 
Toney, James A., 1016 Island Drive, Alameda, California 
Tonkin, Speedo, 19231 Warwick, Birmingham, Michigan 
Tonnies, Gunter, 182 Westlake Avenue, 
87 A-1 
Topits, Robert J., 8940 Long Lane, Cincinnati 15, Ohio &M-4 
Toreassi, Joseph A., 6737 West Cleveland Avenue, Milwaukee 19, 
Wisconsin 45M-4 
Torgersen, Paul E., School 
ment, Oklahoma 
57 A-2 
Torie, Charles B., 2216 West Monterrey, Orange, Texas 0M-3 
Torkildsen, Walter, 3561 Northeast Portland Boulevard, Portland 
11, Oregon 67AF-3 
Torpey, James M., 1122 Clearview Street, N.W., Warren, Ohio 
24M-3 
Toscano, F Cesar, San ibe rg- Serre l] Corporation 2550 East Foot- 
hill Boulevard, Pasadena, California 23A-] 
Totas, Jose ph E., 219 St. Nicholas Avenue, Worcester 6, Massa- 
chusetts 68M-3 
Totten, David E., 4641 Weehaven, Dallas, Texas 10M-3 
Tovar, Robert J Bronx 68, New York 5M-4 
Townsend, Gerald E., 425 Lake Street, S., Apartment 8, Kirk- 
land, Washington 20A-2 
Townsley, Claude J., 310 Edg 
34A-3 
Tracey, Darrell L., P.O. Box 3818 
geles, California 23A-1 
‘racey, Frank J., 2712 South Vrain Street, Denver 19, Colorado 
32A-1 
achtenberg, Jules H., 109-05 Seve 
Hills 75, New York 5A-4 
"rammell, William B., 774 Sherwood Road, N_E., Atlanta, Georgia 
6A-2 
anseau, Leon W 
sey 31A-2 
‘rau, Frank G., Jr Louis-San Francisco Railway Company, 
543 East Commercial Street, Springfield 2, Missouri 16A-2 
‘raut, Ralph, 441B North Thirty-ninth, Milwaukee, Wisconsin 
45AF-4 
Trautz, William B 
see 54M-4 
Treiman, Joshua N., P.O. Box 72, Fairborn, Ohio 2A-2 
Trent, Fred A., 1940 Carolina Avenue, Port Arthur, Texas (0A-1 
Trent. William L.. Via Dei Franzone 6/15, Genova, Italy 25A-3 
Trenwith, Don A., 1918 Westfield Drive, 8., Columbus 23, Ohio 
1AF-4 
Treskov. Alexander, 1084 Willmohr, 
5A-2 


Treusch, William P., 105 Governor Drive, R.D. 1, Scotia 2, New 


Chatham, New Jersey 
31A-2 
Toledo 10, Ohio 


chusetts 


Bridgeport, West Virginia 


Penn- 


143% South Lascerne Court, Mansfield 
23A-1 
47 A-2 


Toronto 13, Canada 


of Industrial Engineering and Manage- 


State University, Stillwater, Oklahoma 


80 Strong Street 


Knoll Lane, Fort Wayne, Indiana 


Terminal Annex #54, Los An- 


ntv-second Avenue, Forest 


Riverside, New Jer- 


2201 Burlington Avenue, 


27 Oakmont Lane, Signal Mountain, Tennes- 


srooklyn 12, New York 


March—April, 1960 


York 0A-1 

Trew, Donald W., Chief Industrial Engineer, Baker Perkins 
Incorporated, 1000 Hess, Saginaw, Michigan 98AF-4 

Triggs, John N., CBS-Electronics, A Division of Columbia Broad- 
casting System, Incorporated, Newburyport, Massachusetts 
30M-4 

Trimbur, Wade R., 214 Fairgrounds Boulevard, Canfield, Ohio 
24A-1 

Triplett, C. T., Industrial Engineer, Chrysler-Kokomo Plant, Ko- 
komo, Indiana 35A-2 

Tritt, Edgar H., 4995 Stacy Street, Oakland 5, California 12M-4 

Trobaugh, Jimmy L., Salem Road, Milan, Tennessee (A-/ 

Troeger, E. Alan, 1364 Clifton Avenue, Redlands, California 
78M-4 

Trone, Curvin J., Jr., 894 Ogden Avenue, Benton Harbor, Michi- 
gan (0A-1 

Trost, Frederick E., 6935 Midwood, Berkeley 21, Missouri 1J6AF-4 

Trost, Vernon F., 5317 South Caroline, Western Springs, Illinois 
25M-4 

Trotta, Patrick C., 28 Montclair Avenue, Nutley 10, New Jersey 
61A-2 

Trotter, Robert E., 1870 Valota Road, Redwood City, California 
37 A-1 

Troutman, C. Philip, 186 Long Branch Avenue, Long Branch, 
New Jersey 61A-2 

Troxell, Robert N., Chief Industrial Engineer, Floor and Indus- 
trial Operations, Armstrong Cork Company, Liberty Street, 
Lancaster, Pennsylvania 71M-4 

Troy, Ira M., 3502 Hull Avenue, New York 67, New York 5A-2 

Troyan, P. V., 6579 Wilson Mills Road, Mayfield Village 24, 
Ohio 7M-4 

Truchon, Marshall, Jr., 8500 East One Hundred Eleventh Terrace, 
Kansas City 34, Missouri 92A-2 

Trudeau, Theodore J., 1952 Page Boulevard, Indian Orchard, 
Massachusetts 94A-2 

Trueswell, Richard W., School of Engineering, University of Mass- 
achusetts, Amherst, Massachusetts 944-2 

Truluck, Cecil M., Jr. USS SELLSTROM (DER 255), c/o Fleet 
Post Office, New York, New York (0A-1 

Trumbo, Robert H., 13115 Chestnut Street, Wyandotte, Michi- 
gan 47M-4 

Trunnell, Robert E., Jr., Deere and Company, 3300 River Drive, 
Moline, Illinois 46A-2 

Tryon, Walter W., Box 1093, Rio Vista, California 12M-4 

Tseng, Anthony T., 1604 Schirm Drive, Middletown, Ohio 8&M-4 

Tsoucalas, Michael G., Lambert-Hudnut Manufacturing Labora- 
tories, 400 West Lincoln Avenue, Lititz, Pennsylvania 71A-2 

Tubbs, Chapin R., 522 West Longden, Arcadia, California 23A-1 

Tuck, Thomas K., 541 Poplar Street, Canal Fulton, Ohio 52A-2 

Tucker, Arthur L., 65 Mills Lane, Bloomfield, Connecticut 75M-4 

Tucker, Augustine W., Jr., Ecusta Paper Division, Box 200, Olin 
Mathieson Chemical Corporation, Pisgah Forest, North Caro- 
lina 83AF-4 

Tucker, Charles R., 11224 West Sixty-seventh Terrace, Shawnee, 
Kansas 92AF-4 

Tucker, George E., 2112 Dunhill Drive, Raleigh, North Carolina 
66M-3 

Tucker, John L., 274 East Aliso Street, Pomona, California 
23M-4 

Tucker, Leo E., 1803 Elder Drive, Arlington, Texas 

Tucker, R. A., 15 Poplar, Rome, Georgia 93A-2 

Tucker, Robert J., 6 Bell Drive, R.D. 4, Cortland, New York 
13M-4 

Tucker, Thomas Elwood, P.O. Box 295, Thunderbolt, Georgia 
26M-3 

Tudor, Melvin, 63-50 Wetherole Street, Rego Park 74, New York 
86M-4 

Tuey, Richard C., 117 Thirty-second South, Seattlé 44, Washing- 
ton 20AF-3 

Tulk, Robert A., 2335 Altadena Avenue, San Diego 5, California 
29M-3 

Tulkoff, A. Joseph, Lockheed Aircraft, South Cobb Drive, Mari- 
etta, Georgia 6A-2 

Tullar, Frederick E., 23 Brook Street, Manchester, Massachusetts 
30A-2 


10M-3 
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Tunick, Samuel Myron, 5 Manor Drive, Newark 6, New Jersey 
61M-4 

Turk, Robert H., 916 Annabelle Drive, Toledo 12, Ohio 36M-4 

Turkes, Walter R., 149 Lawrence Avenue, Homestead Park, Penn- 
sylvania 3M-3 

Turner, Errett E., Jr., 928 St. John Street, Elgin, Illinois 25A-1 

Turner, Ira B., Jr., 2845 O’Berry Street, Raleigh, North Carolina 
66A-1 

Turner, James R., Jr., 2860 Highlands Boulevard, Spring Valley, 
California 29A-1 

Turner, Tom W., 1216 Glen Laura Road, Jacksonville 5, Florida 
27A-2 

Turney, Joe A., 2215 South Ozark, Joplin, Missouri OQA-1 

Turvaville, Lester J., 1705 Round Pond Avenue, Tampa 4, Florida 
91A-2 

Tuzi, Louis A., 16602 Grovewood Avenue, Apartment 4, Cleve- 
land 10, Ohio 7M-4 

Twaddell, William E., 78 Haven Avenue, New York 32, New 
York 5A-2 

Twedt, Patrick A., 390 West Fifth, Britt, lowa OA-1 

Tyler, Charles C., 1810 West Front Street, Burlington, North 
Carolina 66M-3 

Tyler, John, 1645 South Carson, Apartment 1, Tulsa, Oklahoma 
15A-1 

Tyler, Truett, Convair, Department 8-1, Building 33, 3302 Pacific 
Highway, San Diego, California 29M-3 

Tyson, Harry B., Jr., 3063 North Forty-second Drive, Phoenix, 
Arizona /(A-2 

Tyson, Herbert I., 76-12 Thirty-fifth Avenue, Jackson Heights 
72, New York 5A-2 


Uber, Daniel W., 3521 Edison, Trenton, Michigan 47A-2 

Uebelacker, M. R., 524 South First, Warrington, Florida 33M-3 

Ufholz, Lou, 2418 Russell Avenue, Parma 34, Ohio 7M-4 

Ujlaky, Albert, 1506 West Columbia Avenue, Davenport, Iowa 
46M-4 

Ulbrich, Richard W., Professional Engineer, 5224 Seaman Drive, 
Dayton 24, Ohio 2M-4 

Ullman, Sidney G., 3008 East Cheltenham Place, Chicago 49, 
Illinois 25A-1 

Ulman, Theodore B., 
30A-2 

Umanetz, Alex, Jr., 42 Potters Lane, Great Neck, New York 
5A-4 

Umbach, William J., 11 Warren Place, Waldwick, New Jersey 
61M-4 

Underwood, Gerald T., 5429 Sixth Avenue, Moline, Illinois 46M-4 

Underwood, James Allen, Box 741, Wilmington 99, Delaware 
100A-3 

Unferth, William, International Harvester Company, 1100 Third 
Street, East Moline, Illinois 46M-4 

Unger, Donald J., 1533 Granger, Redwood City, California 37M-4 

Unger, Martin S., Jr., 2801 Northampton Street, Easton, Penn- 
sylvania 77A-2 

Unninayar, M. N., NPC 
4A-S 

Unser, Henry F., Jr., 517 South Poplar, Hartford City, Indiana 
35A-2 

Unser, Raymond M., 706 Cain Street, Hampton, South Carolina 
OM-3 

Upchurch, Edwin B., 1576 Fama Drive, N.E., Atlanta 6, Georgia 
6A-2 

Upchurch, Robert E., 1116 South West One Hundred Thirty-nine 
Seattle 66, Washington 20A-2 

Updegraff, Ralph W., 4424 Seventh, 8.W., Canton 10,Ohio 19M-3 

Updegraff, W. Robert, 15 Vernon Drive, Buffalo 25, New York 
19M -3 

Upson, Harold, Industrial Engineer, Baldwin Piano Company 
1801 Gilbert Avenue, Cincinnati 2,Ohio 8&M-4 

Uranich, Frank A., 916 Putnam Street, Peru, Illinois 80A-2 

Urban, Robert, 934 East Eighteenth Street, Chester, Pennsylvania 
31A-2 

Urbanski, Edward F., 1538 Elkins Avenue, Abington, Pennsyl- 
vania 31/M-4 


68 Breer Circle, Brockton, Massachusetts 


38 Golf Links, New Delhi, India 
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Ussery, Milton E., Lakeview Road, Fairmont, North Carolina 
O0A-1 

Utley, Robert G., 1503 Pennylane, Decatur, Alabama 69A-2 

Utter, James R., 2225 Glenside, Cincinnati 12, Ohio 8&M-4 

Utz, Robert L., 6324 Farmar Lane, Floutown, Pennsylvania 
31A-4 


Vactor, Howard, 15810 Van Aken, Cleveland 20, Ohio 7A-2 

Vaden, Frank S., III, 501 Angus Street, South, College Station, 
Texas O0A-1 

Vader, J. Quentin, National Lead Company, TIT Division, Caron- 
delet Station, St. Louis 11, Missouri 16M-4 

Vagnini, Louis T., 1320 Anderson Avenue, Palisade, New Jersey 
5A-2 

Vail, Thomas P., 37 South Maple, Warsaw, New Jersey (0A-1 

Vais, James A., 223 Laurel Avenue, Menlo Park, California 37A-4 

Valastak, Robert J., R.D. 6, Meadville, Pennsylvania 51A-2 

Valenteen, John Vincent, 414 South West End Avenue, Lancaster 
Pennsylvania 71M-4 

Valenti, Donald F., 27 Admiral Lane, Hicksville, New York 
86M-4 

Valentine, Alfred O., 859 Spruce Street, Pottstown, Pennsylvania 
31A-4 

Valentine, Deane B., Colorado Fuel and Iron Company, 361 
Delaware Avenue, Buffalo, New York 49M-3 

Valentine, Maurice T., Box 568, Hartselle, Alabama 69A-2 

Valfer, Ernst S., 201 Stonewall Road, Berkeley 5, 
12M-4 

Vallette, William J., CBS Electronics, A Division of Columbia 
Broadcasting System, Incorporated, Danvers, Massachusetts 
30M~+4 

Van Bergen, Hans M., 387 Brixton Avenue, St. Lambert, Montreal 
23, Quebec, Canada (0A-1 

Van Dalsem, Dale W., 729 Waverley Street, Palo Alto, California 
37 A-1 

Vandament, Omar K., Virco Manufacturing Corporation, P.O 
911, Highway 65, South, Conway, Arkansas 84A-1 

Van Der Beek, Wilbur B., Jr., United States Rubber International, 
1230 Avenue of the Americas, New York 20, New York 61A-2 

Van Der Heyden, J., 892 Bathurst Street, Toronto, Ontario, 
Canada 8&7AF-3 

Vandermark, Bernard M., 3420 Cherokee, San Diego 4, California 
29A-1 

Vander-Mast, Adrian C., RayBestos-Manhattan, Incorporated, 
Wabash Division, Darlington Avenue, Crawfordsville, Indiana 
35A-2 

VanderMyde, Earl C., 10745 South Morgan Street, Chicago 43, 
Illinois 25A-3 

van der Poel, A. A., 
OAP-3 

Vanderslice, John Willard, Paul Edwards and Associates, First 
National Bank Building, Pittsburgh, Pennsylvania 3M-3 

VanDusen, Walter F., Jr, Route 1, Box 767, Escondido, Cali- 
fornia 29M-3 

Van Dyke, C. Elmer, 1115 Thompson Avenue, Liberty, Missouri 
92M-4 

Van Eman, Cary J., 603 Edward, LaMarque, Texas 224-1 

VanEman, E. K., Jr., 5427 East Twenty-fourth Street, Tulsa 14, 
Oklahoma 15A-3 

Van Etten, H. Paul, 169 Stafford Avenue, North, Waterville 
York 85A-2 

Vange, Howard W., 12717 Twenty-third, N.E., Seattle 55, Wash- 
ington 20A-2 

Van Harlingen, David E., 3212 Wilmington Avenue, Dayton 29, 
Ohio 2A-4 

Van Hoesen, Richard C., 2952 Laskey Road, Toledo 13, Ohio 
36A-2 

Van Horne, Clive H., Stevenson and Kellogg, Limited, 10 Eglin- 
ton Avenue, East, Toronto 12, Ontario, Canada 87M-3 

Van Landingham, William R., 1205 West Washington, Midland, 
Texas 0A-I 

Van Meter, Richard, 34 Autumn Drive, Rochester 15, New York 
44A-2 

Vanni, Mario A.., 
61A-2 


’ 


California 


c/o Koeduinweg 5, Aerdenhout, Holland 


New 


, 
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‘annoy, Charles J., Industrial Engineering Department, True 
Temper Corporation, Geneva, Ohio (0A-1 

‘an Orsow, Martin J., 3814-42 Avenue, S.W., Seattle 16, Washing- 
ton 20A-2 

‘fan Osten, George K., 5748 Erdrick Street 
Pennsylvania 3/M-4 

fan Raalte, Ernest, c/o Robin-Nodwell Manufacturing, Limited, 
Fiftieth Avenue and First S.W., Calgary, Alberta, 
Canada OA-1 

‘an Stavern, Alva N., 306 East Euclid Road, Prospect Heights, 
Illinois 25M-4 

fan Tassel, Carl J., 
New York 5A-2 

‘fanWagnen, Carl G., 8035 Sixteenth Avenue, 
Washington 20M-4 

‘an Zwalenburg, Paul R., P.O. Box 245, Puunene, Maui, Hawaii 
0A-I1 

‘arnadoe 
6A-2 

‘arner, Siegel S., Jr., 8533 Eleventh Avenue 
20, Minnesota 38A-2 

‘arnier, Herman E., 6401 Clydewood Avenue, 
ginia O0A-3 

‘arnson, Thomas M., 1004 Alexandria Drive, Mayfair S. D., 
Pe nsacola, Florida 33A-] 

farraux, I. A., 711 Shady Avenue, Sharon, Pennsylvania 24M-3 

‘asiliou, George, 622 Dalton Street, Marion, Virginia OA-1 

‘asoti, James J., 3309% Dudley Avenue, Parkersburg, West Vir- 
ginia O0A-I 

Taughan, A. W., Jr 
25M-4 

Taughan, Fr 
10A-1 

‘aughan, Sherman L., 1401 West Hempstead, 
22A-3 

faughn, Leslie F 

‘aughn, Ralph L 
tana, California 


fay, Leroy M.., 


Philadelphia 24, 


Street. 


105 West New York 19, 


Fifty-fifth Street, 


N.W., Seattle 7, 


Howard, 145 Luckie Street, N.W., Atlanta 3, Georgia 


South, Minneapolis 


Richmond 24, Vir- 


908 South Spring Avenue, LaGrange, Illinois 


ink M., 10128 Goodyear Drive, Dallas 29, Texas 


Pasade na, Texas 


P.O. Box 670, Ogden, Utah 50M-4 
Kaiser Steel Corporation, P.O. Box 217, Fon- 
78M-4 
tegional Industrial Engineering Manager, Post 
Office Department, 870 Market Street, Room 554, San Fran- 
cisco 2, California 12M -4 
Veatch, Jack L., Route 2, Utica, Ohio J1A-2 
Vedouras, Bill J., 14713 Corridon Avenue 
7A-2 
feikins, Olgert, 1063 Meadowbrook, Los Angeles 19, California 
23A-1 
‘eirs, Stephen D., I 
Ohio 1M-4 
nincasa, Jor F 


Maple Heights, Ohio 


ind R Lazarus and Company, Columbus 14, 


’, 142 Mink Drive, San Antonio, Texas 39A-2 

Louis A., 3378 Nicholson Drive, Apartment 3, Baton 

$1 A-1 

ge J., Harnischfeger Corporation, Truck Crane Plant, 
Danforth Road, Escanaba, Michigan 45M-4 

‘erba, Paul, Court, 236 Vaughan Road, 
Ontario, Canada &74A-3 

6120 West Ste 


nincasa 
Rouge , 


ntura, Ger 


Louisi ina 


Suncrest 


Toronto 10, 
Tercammen, Charles F vens Street, Seattle 
ington 20A-2 
rderber, Robert J., 275 East 250, Euclid 23, Ohio 7A-2 
rdun, Arie, Professional Engineer, 28 South Street, Hamilton, 
Ontario, Canada 8&7M-3 
‘erkozen, Andrew, 622 Twenty-first 
California 12M-4 
fernekar, V.S., Chief Indust 
India 4M-S 
‘ernes, Ian Arie F., Joseph Pollak Corporation, 85-90 Freeport 
Street, Boston, Massachusetts 30A-2 
‘ernes, Paul Douglas, 365 Beechmont Drive 
York 5A-2 
Vernon, James L 
ginia 14AF-4 
Versal, George, 62 Glencoe Road, Columbus 14, Ohio 1A-2 
Verwohlt, H. W., 496 Heritage Lane, Hilliards, Ohio 1A-2 
Verzosa, A. Norbert, 2244 West Farragut, Chicago 25, Illinois 
25A-1 


, Wash- 


Avenue, San Francisco 21, 


ial Engineer, TISCO, Jamshedpur-l, 


New Rochelle, New 


834 South Dinwiddie Street, Arlington 4, Vir- 


March—April, 1960 


Vesco, Savino D., 2986 Wilson Parkway, Harrisburg, Pennsylvania 
95M-4 

Vesely, Charles, 2830 Burlawn Parkway, Brookfield 10, Wisconsin 
45M~-4 

Vesling, Gerald C., Sylvania Electric Products, 12 Second Avenue, 
Warren, Pennsylvania 51M-4 

Vest, Charles R., 420 East Maple Street, Jeffersonville, Indiana 
18A-1 

Vester, Lyle A., 1019 Goshen Pike, Milford, Ohio 8&M-4 

Vetter, Edward A., 3650 Henry Avenue, Louisville, Kentucky 
18M-3 

Vetter, Robert A., 2734 Clara, Ft. Wayne, Indiana 34A-1 

VeVea, Kenneth L., Standards Engineering, IBM, 3605 North 
Highway 52, Rochester, Minnesota (0A-1 

Vick, Alan G., 1134 Eleventh Street, North, Fargo, North Dakota 
0A-1 

Vickery, Harold K., Norton Company, 1 
Worcester 6, Massachusetts 68M-3 

Vickroy, Roger C., Industrial Engineering Department, Deere 
and Company, Moline, Illinois 46AF-4 

Vidal, Louis, 3572 Monroe Street, Gary, Indiana 53A-1 

Vidal, Manuel, 424 Harrison Street, Gary, Indiana 53A-1 

Vidal, Pablo A., Via Layetana 99, Barcelona, Spain 1A-2 

Viele, Peter G., 8 Holmes Court, Darien, Connecticut 82A-2 

Vietmeier, Robert J., 2300 Whited Street, Pittsburgh 26, Penn- 
sylvania 3A-1 

Vigder, Arnold, 51 White Oak Street, New Rochelle, New York 
5A-2 

Viggiano, Victor A., Manager, Industrial Engineering, The Okonite 
Company, 220 Passaic Street, Passaic, New Jersey 61M-4 

Vigliani, Louis B., 1415 Eightieth Street, North Bergen, New 
Jersey 61A-2 

Viko, Paul E., 2223 Laird Way, Salt Lake City 8, Utah 50A-2 

Villaronga, Raul G., 56 Salud Street, Ponce, Puerto Rico O0A-1 

Villers, Raymond, 125 Broad Street, New York 4, New York 
5M-4 

Vincent, Albert M., 1909 Oakland Boulevard, Fort Worth 3, Texas 
10M-3 

Vincent, Merlin D., 1815 East Georgia Street, Phoenix, Arizona 
70A-2 

Vincent, Robert W., 1203 Arcadia Street, Orlando, Florida 27A-2 

Vines, Quentin C., 1409 East Stadium Boulevard, Ann Arbor, 
Michigan 47M-4 

Vinnenberg, Raymond C., 131 Sunset Drive, Williamsville 21, 
New York 49A-1 

Vinson, John M., Box 61, Frost, Texas 0A-1 

Vishwanath, V., Industrial Engineering Department, 
Jamshedpur-1, India 4A-S 

Vittrup, John B., 2802 Yale, Irving, Texas 10A-1 

Vogel, Barth J., 538 Twenty-ninth Avenue, East Moline, Illinois 
46A-2 

Vogel, George C., 22153 Yborra Road, Woodland Hills, California 
23A-1 

Vogel, Leo C., 2514 East Pierson Street, Phoenix, Arizona 70A-2 

Volk, Alfred H., 1410 Thirty-third Street, Rock Island, Illinois 
416A-2 

Volk, Robert D., 176 North Highland Avenue, Los Angeles 36, 
California 23A-] 

Vollmer, Robert G., 553 North Central, Chicago 44, 
25A-1 

Volmar, Walter J., 1288 Cloverdale Drive, S.E., Atlanta, Georgia 
6A-2 

Volpe, Edward G., Hammermill Paper Company, East Lake Road, 
Erie, Pennsylvania 51/A-2 

Volyn, Robert P., 78 Berkley Court, Wayne, New Jersey 

Volz, Edward J., 152 Fox North Road, Hubbard, Ohio 24M-3 

Volz, Marvin D., 13728 Woodlark, Rockville, Maryland 14A-2 

Volz, William T., Jr.. Henry J. Scheirich Company, 4460 Louis- 
ville Avenue, Louisville 9, Kentucky J18A-1 

von Ahlefeldt, Rolf S., 1325 Greenwood Street, Pueblo, Colorado 
32M-3 

von Brecht, Forrest G., 6 Forest Ridge, Clayton 5, Missouri 
16M-4 

Vondracek, Joe L., 
23A-1 


New Bond Street, 


TISCO, 


Illinois 


61AF-4 


10533 Valjean, Granada Hills, California 
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Von Meysenbug, Carl R., Continental Can Company, Incor- 
porated, P.O. Box 187, Harvey, Louisiana 74A-2 

Vos, Cornelis, Chief Industrial Engineer, Aeolian American Cor- 
poration Commercial W ashington Road, East Rocheste a New 
York 44M-4 

Voss, Gerald P., 8537 Elmira, Detroit 4, Michigan 47A-2 

Votapka, Otto E., 304 Loren Avenue, Vestal, New York 96A-1] 

Vought, John H., Liberty Street, Are ide, New York 19 A-] 

Voyles, James H., Jr., 5332 White Fox Drive, Rolling Hills, Cali- 
fornia 3M -4 

Vrbancic, Walland P., 6028 East Eberly Street, Lakewood, Cali- 
fornia 23A-] 

Vredenburg, William F., 27 Bonnie Heights Road, Manhasset 
New York 5A-2 

Vulkoff, R. Craig, 635 Woodcrest Avenue, Ardmore, Pennsylvania 
31A-2 


fachtel. Earl G., Jr., 1426 Grace Avenue, San Jose, California 
37 AF -3 

‘ade, Marcus E., Jr., General Shoe Corporation, 1251 Caroline 
Street, N.E., Atlanta 7, Georgia 6AF-4 

‘addell, William te 
23A-1 

‘adland, Robert L., 11 Lynde Street, Melrose 76, Massachusetts 
30M -4 

‘adsworth, Harrison M., Jr., 4540 West One Hundred Sixty- 
eighth Street, Cleveland 11, Ohio 7A-4 

Taechter, J imes M 329 Schofield Building, Cleveland 15, Ohio 
7M-4 

aeckerle, William 8., 3065 Kingsley Drive, Florissart, Missouri 
16A-2 

‘agenknecht, Arthur J., Sylvania Electric Products, Incorporated 
1128 Roosevelt Avenue, York, Pennsylvania 72M-4 

‘aggoner, John F., 50 Summit Circle, Walnut Creek, California 
12A-2 

‘agner, Charles A., Jr.. 44 Oak Ridge Drive, East, Brockton, 
Massachusetts 30M -4 

fagner, Charles J., 715 South Bennighof Avenue, Evansville 14, 
Indiana 8&8&A-2 

‘agner, Donald Duane, 408 Solano Drive, N.E., Albuquerque, 
New Mexico 59A-] 

‘agner, James G., 344 Tenth, Elyria, Ohio 7A-2 

‘agner, John \V 1763 Laurelhurst Drive, Salt Lake City 8 
Utah 50A-2 

‘agner, Norman H., Chicopee Manufacturmg Company, 26 North 
Garden Street, Bensenville, Illinois 25AF-3 

agner, Paul W., Langford-Clarksburg Road, Eden. New York 
{9A-1 

ilcutt, Wayne W., Bell Sound Systems Incorporated, 555 
Marion Road, Columbus 7,Ohio 1M-4 

‘aldrop, Edwin W., 1711 Shadford Road, Ann Arbor, Michigan 
O0M-3 

aldvogel, Robert K., 75 Greenvale Drive, Rochester 18, New 
York 44M-4 

‘alichowski, Edward J., 6145 Chaffin Street, Houston 17. Texas 
22A-3 

alk, Robert F., Industrial Engineer, Rochester Products, Divi- 
sion of GMC, Lexington Avenue, Rochester. New York 44A-2 

alker, Albert G., 422 East Greenland Avenue, Oconomowoc 
Wisconsin 4{5A-2 

ilker, Clyde C., Acme Steel Company, Riverdale Station, Chi- 
cago 27, Illinois 25M-4 

‘alker, Donald 8., 322 Overbrook Road, New Brunswick, New 
Jersey 61A-2 

‘alker, Ernest H., Granite City Steel Compahy, Twentieth and 
Madison, Granite City, Illinois 16A-2 

‘alker, Frank E., Jr., 20 Williamson Park Drive, Newport News, 
Virginia 14A-2 

alker, Frederick J., 943 West G Street, Ontario, 
78A-2 

‘alker, Howard B., 1236 Cross Key Drive, Atlanta 19, Georgia 
6A-2 

‘alker, Jack R., 1963 Briar Mill Road, N.E., Atlanta 6, Georgia 
6A-4 

‘alker, Richard, Mead Containers, Incorporated, Delavan Divi- 


4520 Newton Street, Torrance, California 
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sion, P.O. Box 1138, Syracuse 1, New York I13A-2 


‘alker, Robert F., 912 Glenroy Road, Philadelphia 28, Pennsyl- 


vania 3]A-2 


ilker, Robert O., 566 Valley View Drive, Hamilton. Ohio 
&M-4 


alker, Ronala «&.., 2919 Clearfield Avewue, Akron 14, Ohio 52A-2 


ilker, Thomas K., 1250 Koppers Building, Pittsburgh 19, Penn- 
sylvania 3A-] 


ilker, William E., R-F_D. 1, Box 6, Kingston, New York 76A-2 


alker, William R., 901 Holmes Street, Salisbury, North Carolina 


21A-2 


all, Billy Joe, Box 27, Puryear, Tennessee (A-1 
‘all, Charles R., 2009 Ribault Scenic Drive, Jacksonville 8, 


Florida 27M-4 


‘all, Gordon A., Johns-Manville Corporation, 22 East Fortieth 


Street, New York, New York 5M-4 


‘all, Joe Hanson, Cost Control Department, Hudson Pulp and 


Paper Corporation, Palatka, Florida 27A-2 


‘allace, Charles R., Route Number 3, Clarksville, Tennesses 


0A-! 


Tallace, L. W.. Top Manage ment Seminar, Ordnance Manage- 


ment, Engineering Training Program, Rock Island Arsenal, 
Rock Island, Illinois 46F-0 


‘allace, William S., Apartment E-1, Sapphire Manor, Brevard, 


North Carolina 83A-2 


‘allack, Paul M., 2116 Ventura Drive, Tempe, Arizona 70A-2 
‘aller, Douglas S., 648 Sleepy Hollow Road, Falls Church, Vir- 


ginia 14A-2 


‘aller, Frank D., 1063 West Richmond Street, Macon, Georgia 


55A-1 


‘allgren, Ronald E., 501 East Thirty-second Street, Apartment 


801, Chicago 16, Illinois 25AF-3 


allner, Siegfried, Jr.. 1104 Woodbine Way, Signal Mountain, 


Tennessee 54AF-4 


falls, Robert T., 49 East McClellan Avenue, Livingston, New 


Jersey 61M-4 


‘almsley, Charles Alfred, Charles A. Walmsley and Associates, 


1984 Railway Exchange Building, St. Louis 1, Missouri 16M-4 


‘alp, Jack S., 37 Brookline Avenue, Youngstown 4, Ohio 24M-3 
‘alser, Vergil H., Registration Office, United States Post Office, 


512 Nicollet Avenue, Minneapolis 2, Minnesota 38M-4 


‘alsh, Arthur P., 29 Village Drive, King’s Village, Saugerties, 


New York 76M-4 


‘alsh, Frederick, 60345 South West Street, Lebanon, Indiana 


65M-4 


‘alsh, Harry H., Jr., 9810 Larston Drive, Houston 24, Texas 


22M-4 


‘alsh, Philip A., 341 Canova Lane, Dayton 31, Ohio 2M-4 
falsweer, J. A., Building #94, United States Coast Guard Re- 


serve Training Center, Yorktown, Virginia 25A-/ 


‘alter, Donald F., United States Navy, USS. Maury (AGS-16), 


F.P.O., New York (@A-1 


‘alter, Harvey R., Allison Division, GMC, P.O. Box 894, Depart- 


ment 0510, Indianapolis 6, Indiana 65A-2 


falter, Russell W., R.R. 5, Valparaiso, Indiana 53M-3 
‘alter, T. Edgar, Jr., 1816 Thomas Place, Arlington, Texas 


10M-3 


‘alters, George L., Route 1, Box 737, Pensacola, Florida 33A-1 
‘alters, Jack E., 


1848-B Claymore Drive, Marietta, Georgia 
6A-2 


‘alters, William F., Industrial Engineer, Colgate-Palmolive Com- 


pany, P.O. Box 223, Kansas City 41, Missouri 92M-4 


‘alters, William P., 119 West Water, Sidney, Ohio OQA-I 
‘alton, Harry B., Jr., 930 Martha Avenue, Lancaster, Pennsyi- 


vania 71M-4 


‘alton, Richard W., 804 Old Lincoln Highway, Langhorne, Penn- 


sylvania 31M-4 


‘alton, William M., Burton Manufacturing Company, Incor- 


porated, P.O. Box 351, Jasper, Alabama 9A-4 


faltz, Charles H., 57 Garden Terrace, Pittsburgh 21, Pennsyl- 


vania 3M-3 


‘altz, Edward G., Eastman Kodak, Kodak Park, Building #2, 


Rochester 4, New York 44M-4 


‘amser, Richard E., Three Hundred Seventy-eighth Ordnance 


Company, Camp Irwin, California 78A-2 
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‘anner, Richard L 
15, Connecticut 


Fox Hill Road, Woodbridge, New Haven 

97M-4 

‘anninger, George T., 203 Royal Avenue, Ferguson 21, Missouri 
16M-4 

‘ard, Joseph B., 6912 Fifty-sixth Avenue, South, Seattle 18, 
Washington 20M-4 

‘ard, Robert G 393 English toad, Rochester 16, New York 
44A-2 

‘ard, Wayne R., 2256 Orville, Kansas City 2, Kansas 92A-2 

‘ardell, Albert W., Box 217, Long Valley, New Jersey 61A-2 

‘ardell, Kenneth E., 3183 Prospect Avenue, Riverside, California 
78A-2 

fargo, Joseph B., 1916 Creek Hill Road, R.D. 5, Lancaster, 
Pennsylvania 7/A-2 

‘arne, Robert M., 551 Tulane, 

arner, Anthony F 
land 14A-2 
arr, Maxie E., Ji 
homa J15A-] 

farrell, J. E., Box Carlisle, Pennsylvania 72M-4 

“arren, James M., L*/2 Seventh Avenue, Salt Lake City a. 
Utah 50A-2 

arren, Joseph, 1803 Eileen, Ypsilanti, Michigan (0A-1 

‘arren, Victor R., 11402 Robson, Detroit 27, Michigan 

arren, Ward E., R.D. 2, Crestline, Ohio OM-3 

‘arriner, Robert P., The William Carter Company, 33 Morrie 
Street, Springfield 5, Massachusetts 94M-4 
irschauer, James | 198 East Blake Avenue, 
Ohio JA-2 

‘arschauer, Thomas Myer, 2306 Fairway Drive 
bama /79M-4 

‘arsinsky, Albert E., Sterling Faucet Company, Morgantown, 
West Virginia (0A-/ 

‘ashauer, Louis H., 800 Kingsland Avenue 
Missouri 16A-2 

‘ashburn, Martin W Jr.. 9063 East Arcadia 
Gabriel, California 23AF-3 

asher, Richard B.. R.D. 1, Box 454, Miller Road, Utica, New 
York 85A-2 

‘ason, Charles P., 1614 Marilyn Avenue, Dayton 20, Ohio 2A-2 
issel, George, 1455 East One Hundred Ejighty-fifth, Cleveland 
10, Ohio 7M-4 

usserman, Arnold, 7631 Sagamore, Cincinnati 36, Ohio 39A-2 

‘aterbury, J. J., 1026 South Frederick Street, Apartment C44, Ar- 
lington, Virginia 14A-2 

‘aters, Clyde O., 2900 Dawn Avenue, Odessa, Texas 0A-1 

Joulevard, N.E _M issillon, Ohio 


Saginaw, Michigan 98A-2 
, 11703 Charles Road, Silver Spring, Mary- 


7709 East Thirty-first Street, Tulsa 5, Okla- 


17 A-2 


Columbus 2, 


Mobile, Ala- 


University City 5, 


Avenue, San 


‘aters, Eugene U., 1130 Stuart 
19M -3 

‘atkins, Vancil W., 311 Nort} 
OA-] 

‘atkins, William L., Eastern ve ‘ity #6, Morristown, 
Tennesse¢ 17 A-1 

atmough Jol n W Cerro de 
Peru, South America OAF-3 

‘atson, Edwin C., Hart Hill Acres, Clark Mills Road, Whites- 
boro, New York &5M-4 

‘atson, George C., 261 Collfield Avenue 
York 5A-2 
itson, Hayward B 
21, Ohio 7AF-4 

‘atson, Jerry, Thiokol, Box 524, Brigham City, Utah 50M-4 

‘atson, Lawrence D., 142-10 Hoover Avenue 35, New 
York 5A-2 

‘atson Robert E.. 73 East Riverglen Drive 
]A-4 

itson, Thomas E., 245 North West End Avenue, 
Pennsylvania 71A-2 

Tatson, Wayne C., Biwood Road, R.D. 1, 
vania 31A-2 

‘att, Dale H., 528 East Fifth, Tulsa 10, Oklahoma 15M-3 

Tatt, William L., 502 Arbutus Avenue, Seaford, Delaware (OA-1I 

‘atters, Ralph N., 319 Marlow Drive, Oakland 5, California 
12M-4 

‘atters, James D., Moore Business Forms, Incorporated, 800 
South Raymond, Fullerton, California 23A-1 


t, Weatherford, Texas 


‘orporation, La Oroya, 


Staten Island 14, New 


3822 Montevista Road, Cleveland Heights 


Jamaica 
, Worthington. Ohio 
Lancaster, 


Ambler, Pennsy!l- 


March—April, 1960 


Wattleworth, Frank, 815 South Eight Hundred West, Orem, 
Utah 50A-2 

Watts, Douglas T., 2736 Melinda Drive, Winston-Salem, North 
Carolina 21M-4 

Wavell, John C., 142 Ballard Drive, San Antonio, Texas 39A-2 

Wayne, 8S. LeRoy, 4009 Avera Avenue, Winston-Salem, North 
Carolina 21A-2 

Weakley, Leonard A., Jr., 409 Jade Cove Way, Seal Beach, Cali- 
fornia 23A-] 

Weaver, Arthur B., 401 East Church Street, 
Jersey 31A-2 

Weaver, Earl B., 228 Sarvis Drive, Knoxville 20, Tennessee 11M-4 

Weaver, Frederick C., 28 Strathmore Circle, Rochester 9, New 
York 44A-2 

Weaver, William H., East Pleasant Street, R.F.D. 3, Amherst, 
Massachusetts 68M-3 

Webb, Edward T., 815 Rimpau Boulevard, Los Angeles 5, Cali- 
fornia 23A-] 

Webb, Kenneth B., 3003 Pope Drive, Chattanooga 4, Tennessee 
54A-2 

Webb, William T., Malesus, Tennessee 83A-2 

Webber, John A., 516 Harrison Avenue, Greensburg, Pennsylvania 
3A-1 

Webber, Robert M., III, 405 Washington Street, Dedham, Massa- 
chusetts 30A-2 

Weber, Henry H., 1136 Fernwood Drive, Millbrae, California 
37 A-1 

Weber, John M., R.D. 1, Renfrew, Pennsylvania 0A-1 

Weber, J. R., 450 South Canal Street, Canal Fulton, Ohio 52A-2 

Weber, Karl Edward, 10 Ellicott Boulevard, R.D. 1, Tanawanda, 
New York 49M-3 

Weber, Paul B., 409 Apple Road, Newark, Delaware 

Weber, Rodolfo A.., 
D. F. OA-1 

Webster, Fred E., 408 Guntersville Road, Arab, Alabama 69A-2 

Webster, John F., P.O. Box 1795, Louisville 4, Kentucky 18A-3 

Webster, Robert H., 7827 East Eighth Street, Downey, California 
23M-4 

Weeks, H. Wayne, 3025 North West Seventy-first Street, Okla- 
homa City, Oklahoma 57M-4 

Wefler, Warren H., R-F.D. 1, Massillon, Ohio 19M-3 

Weger, John J., 1236 Canterbury Drive, South Bend 28, Indiana 
O0A-1 

Wehby, La Vern J., 1332 San Mateo, S.E., Apartment 17, Albu- 
querque, New Mexico 59M-3 

Wehman, Charles P., 3926 Forest Highland Drive, Chattanooga 5, 
Tennessee 54A-2 

Wehmer, William C., 221 Willard, SE., Warren, Ohio 3A-1 

Wehrle, George W., Jr., Industrial Engineering Supervisor, Fa- 
cilities Planning, Westinghouse Electric Corporation, Sharon, 
Pennsylvania 24M-3 

Wei, Ignatius Z. S., Acme Industrial Company, 200 North Laflin, 
Chicago 7, Illinois 25AF-3 

Weichsel, Morton E., The Colorado Fuel and Iron Corporation, 
361 Delaware Avenue, Buffalo 2, New York 49M-3 

Weidman, Robert S., 2750 Spring Garden Road, Winston-Salem, 
North Carolina 21M-4 

Weigel, Richard C., 912 Main Street, Watsontown, Pennsylvania 
89 A-2 

Weigold, Calvin, R.D. 1, Malvern, Pennsylvania 31/A-2 

Weikel, William F., 975 Cardinal Drive, Evansville 11, Indiana 
88M-4 

Weil, Kurt, 10702 Shaker Boulevard, Cleveland 4, Ohio 7M-4 

Weil, Lisa, 6615 Deancroft Road, Baltimore 9, Maryland 42M-4 

Weiler, Norman E., 115 Newburgh Avenue, Buffalo 11, New 
York 49M-3 

Weilnau, Marvin A., 201 West Bogart Road, Sandusky, Ohio 
OA-1 

Weinberg, Richard R., 3515 Upper Oakwood Avenue, Elmira 
Heights 19, New York 48A-1 

Weindling, Joachim I., 71-46 Parsons Boulevard, Flushing 65, 
New York 5M-4 

Weiner, Leonard, 2869 Bainbridge Avenue, Bronx 58, New York 


5A-2 


Blackwood, New 


100A-1 
Altavista 137, San Angel Inn, Mexico 20 
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‘eingarden, Marshall L., 73-64 One Hundred Ninety-sixth Street, 
Flushing 66, New York 5A-4 
‘inrich, Norbert G., 1205 Fairway Drive, Alton, Illinois 16A-2 
instein, Jean P., Assistant to General Manager, John W 
Leavitt Company, 195 State Street, Boston 9, Massachusetts 
30AF-4 
intraub, Donald H., 102-45 Sixty-second Road, Forest Hills 
75, Long Island, New York 5A-2 
‘intraub, Emanuel H., 220-44 Seventy-fifth Avenue 
Long Island, New York 5M-4 
‘inwurm, Ernest H., 25 East Jackson Boulevard, Chicago 4, 
Illinois 25AF-3 
‘einzimer, Donald H., 1820 Fifty-fifth Street, Brooklyn 4, New 
York 5AF-4 
ir, James F., 5817 Eighty-fourth Avenue, Hyattsville, Mary- 
land 14A-2 
isberger, Joshua H., 1329 Fifty-third Street, Brooklyn 19, New 
York 5A-2 
‘eisend, Jack R., 10899 South Prospect, Chicago 43, Illinois 
25M-4 
‘eisent, William A., 
Ohio JAF-4 
‘eiss, Henry G., Modern Materials Handling, 795 Boylston Street, 
Boston 16, Massachusetts 30AF-4 
‘eiss, Paul E., 9 Dee Court, Hicksville, Long Island, New York 
5A-2 
Weiss, Robert H., 38 Windmill Lane, New City, New York 0A-1 
Weissberg, Howard L., 137-21 Eighty-third Avenue, Kew Gardens 
35, New York 86A-2 
‘eissburg, Allan A., 1210 Roosevelt Drive, Fort Wayne, Indiana 
34A-1 
‘issenberg, Peter, 828 Fairfax Road, Drexel Hill, Pennsylvania 
31A-2 
feissman, Michael A., 175 West Seventy-ninth Street, New York 
24, New York 5A-2 
Jeitz, Harold, 535 West One Hundred Tenth Street, New York 
25, New York 5A-2 
feizenecker, Alex B., 355 South Twenty-first Street, Sebring, 
Ohio 24A-1 
Ich, Gerard J., Box 157, Balboa, Canal Zone @A-1 
‘leh, Ralph A., 2577 Northwest Boulevard, Columbus 21, Ohio 
1A-4 
felch, Thomas H. E., c/o Line Material Industry, 1700 Vander- 
bilt Road, Birmingham 2, Alabama 9A-4 
fellman, Paul I., Jr. 3110 Butler Avenue, Los Angeles 66 
California 23A-] 
fellman, Walter R., Jones and Laughlin Steel Corporation, 8806 
Crane Avenue, Cleveland 5,Ohio 7A-2 
lls, Don, Box 502, Hawkins, Texas 6(A-2 
lls, Robert H., President, Wells and Associates, 185 Montclair 
Avenue, Montclair, New Jersey 5M-4 
lls, Roger H., 3835 South Logan, Englewood, Colorado 
Isch, Donald E., 65 Poland Village 
Ohio 24A-1 
felsh, William J., 
tucky 18A-3 
felsher, Donald R., 1006 Gerard Avenue, New York 52, New 
Y ork 5A-2 
felter, Miles B., 2425 Bradway Boulevard, Birmingham, Michi- 
gan 47A-2 
‘emple, Horace R., Jr., Universal Atlas Cement Company, 100 
Park Avenue, New York 17, New York 5M-4 
femyss, Albert P., Jr., Hawthorne Drive, R.R. 2, Brevard, North 
Carolina 83A-2 
‘endel, George D., 1220 Jackson 
Houston 6, Texas 22A-1 
fendt, Chester F., 308 Bellemont« 
2M-4 
‘endt, Herbert 8., Long Island Lighting Company, 175 Old 
Country Road, Hicksville, New York 86M-4 
ndt, Willard L., Milford, New Jersey 77M-4 
nger, Robert, Ace Electric Service Company, Incorporated, 
129 North Third Street, Philadelphia 6, Pennsylvania 31/A-4 
‘ernecke, Robert B., University of Wisconsin, Mechanical Engi- 
neering Department, Madison 6, Wisconsin 45M-4 


’ Bayside, 


366 North Selby Boulevard, Worthington, 


’ 


32A-1 
Boulevard, Poland 14, 


3733 Glen Meade Road, Louisville 18, Ken- 


Boulevard, Apartment 10, 


Street, Middletown, Ohio 
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Werner, Charles A., 520 Kingsland Avenue, University City 5, 
Missouri 16A-2 

Wernert, John R., 2412 Cloverdale Road, Donelson, Tennessee 
64A-3 

Wertheim, John M., 2840 Sedgwick Avenue, New York 68, New 
York 5A-2 

Wesamann, Carl L., RFD. 1, Rhineland, Missouri (@A-1 

Wessel, Peter, 6772 Hollywood Boulevard, Los Angeles 28, Cali- 
fornia 23A-1 

Wessman, Eric J., 23339 Westchester Drive, North Olmsted, Ohio 


Wesson, Robert W., Union Carbide Chemical Company, Textile 
Fibers Department, 100 East Forty-second Street, New York, 
New York 8&6M-4 

West, James C., 5413 Naples Drive, Dayton 24, Ohio 2A-2 

West, John D., 314 West Springvalley Road, Centerville, Ohio 
2AF-4 

West, Leroy H., 1275 East Two Hundred South, Pleasant Grove, 
Utah 50M-4 

West, Otis C., 4401 West Liberty, Oklahoma City 7, Oklahoma 
57A-2 

West. Robert A., 986 Maple Street, Ogden, Utah 50A-2 

West, William L., 2312 Dog River Drive, North, Mobile, Alabama 
79AF-4 

Westberg, Frederick T., 913 Third Street, Whittier, California 
23M-4 

Westbrook, Maxwell F., 315 North Quincy Street., Apartment 4, 
Arlington 3, Virginia 14M-4 

Westbrook, R. L., Sr., 6010 Belmont Avenue, Cincinnati 24, Ohio 
8A-4 

Wester, Robert E., 1547 East Boulevard, Cleveland 6, Ohio 7M-4 

Westerman, William L., 515 Kaldy Drive, Cincinnati 44, Ohio 
8A-2 

Westfall, Emmett M., R.R. 1, Horseheads, New York 48AF-3 

Westfall, Peg, 444 Woodward Avenue, Buffalo, New York 49A-1 

Weston, Austin, 623 North Street, Racine, Wisconsin 45A-2 

Weston, Frank L., 10721 South Morgan Street, Chicago 43, Illinois 
25M-4 

Wethington, Thomas D., 120 Ocla Street, Borger, Texas (A-1 

Wexler, Paul L., Apartment 1, 2046 Snowhill Drive, Cincinnati 
37, Ohio 8A-2 

Whalen, John J., 408 West Terrace Street, Altadena, California 
23A-1 

Wheatley, Thomas V., P.O. Box 884, Pomona, California 78A-2 

Wheaton, H. O., Jr., American Steel Foundries, 1001 East Broad- 
wav, Alliance, Ohio 19M-3 

Wheeler, Donald L., Robertshaw-Fulton Controls Company, Gray- 
son Controls Division, Long Beach 5, California 23M-4 

Wheeler, Dwight E., Box 134, Milford, New Jersey 77M-4 

Wheeler, Iven H., Jr., Minneapolis-Honeywell Regulator Com- 
pany, 13350 United State Highway 19, St. Petersburg 335, 
Florida 91A-2 

Wheeler, John D., 5143 Reeds Road, Mission, Kansas 92AF-4 

Wheeler, Michael J., 41 King Avenue, Columbus 1, Ohio (0AF-6 

Wheeler, William C., 17 Rykert Crescent, Toronto 17, Ontario, 
Canada 8&87A-1 

Wheeler, William G., 2625 Wheeler Avenue, St. Paul 13, Minne- 
sota 38A-2 

Whetstone, Joseph M., 1523 Azalea, Arlington, Texas 10A-3 

Whish, Arthur M., 195 Upland Road, Quincy 69, Massachusetts 
30A-2 

Whisler, Wilton M., 121 South One Hundred Sixty-eighth, Seattle 
88, Washington 20A-2 

Whitaker, Wilson C., 2335 Lyon Street, Raleigh, North Carolina 
66A-1 

White, Cameron W., Jr., 
burg, Florida 91A-2 

White, Edwin P., 39 Schuyler Street, Roxbury 21, Massachusetts 
30A-4 

White, James H., 130 Cabot Street, San Antonio 1, Texas 39A-2 

White, Kendall C., 37700 Chagrin Boulevard, Chagrin Falls, 
Ohio 7M-4 

White, Leon §S 


12A-2 


6261 Third Avenue, North, St. Peters- 


18705 Brickell Way, Castro Valley, California 
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White, Ralph P., B. F. Goodrich Sponge Products, Canal Street, 
Shelton, Connecticut 97M-4 

White, Thomas B., 12504 Gruss Avenue, Cleveland 8, Ohio 

White, Thomas V., 4104 Spruce, Apartment 3, 
Pennsylvania 3/A-2 

White, Walter J.. 35 August Avenue, Toronto 13, Canada 87A-1 

White, William B., 2150 Twenty-third Avenue, North, St. Peters- 
burg 13, Florida 9/A-2 

White, William E., 424 Cressent Lane, Vestal, New York 96A-1 

White, William H., 2479 A and M Avenue, San Angelo, Texas 
0A-1 

Whited, Lyle N., 155 West San Ysidro Boulevard, San Ysidro, Cali- 
ornia 29A-] 

Whited, Robert L., 6461 Regent, Oakland 9, California 12A-2 

Whitehead, Edwin, 467 Thirty-seventh Street, Oakland 9, Cali- 
fornia 12A-4 

Whitehead, Richard H., Scott and Williams, Incorporated, 266 
Union Avenue, Laconia, New Hampshire 63M-3 

Whitehead, William V., Canadian Pratt and Whitney, Aircraft 
Company Limited, Manufacturing Division, P.O. Box 39, 
Longueuil, Quebec, Canada (0A-/ 

Whitehead, John G., 657 South Westfield Street 


9) f$A-2 


7M-4 
Philadelphia 4, 


Agawam, Massa- 
chuse tts 

Whitehouse, Richard Z 
9, Ohio 19A-]1 

Whitelow, Alfred A., 145 Martiny 
Aires, Argentina 0M-3 

Whitfield, A. J., 1005 West Thirty-fifth Avenue, 
53A-1 

Whitlow, George S&., J: 
ginia 99A-2 

Whitmarsh, James A., Jr., 
fornia 23A-l 

Whitner, Robert F 
vania 77 A-2 

Whitney, Ivan H., R-F.D. 1, Mount Morris, New York 

Whitney, Lawrence R., 8243 Southeast Twenty-sixth, 
Island, Washington 20M-4 

Whitson, Lee S., Toro Manufacturing Corporation, 3042 Snelling 
Avenue, Minneapolis 6, Minnesota 38M-4 

Whitston, C. Wilson, 2400 Glen Canyon Road, Altadena 
fornia 23M-4 

Whitt, Eugene P., Jr., 303 East 
39 AF-4 

Whitt, Fred I., 16 Danbury S.W., Apartment 3, Washington 24, 
District of Columbia 14A-2 

Whitt, Sidney A., 1004 South Willson, Bozeman, Montana 0M-3 

Whittaker, Charles B., 2464 Bradford Drive, York, Pennsylvania 
72A-2 

Wiberg, Harold E., United States Rubber Company, 
graph Road, Los Angeles, California 23M-4 

Wichie, Dorr J., R.D. 1, Pine City, New York 

Wicker, Homer F., Jr., 708 Dumont 
10A-1 

Wickham 
16A-2 

Wicks, Charles 8., 346 vel Avenue 
sourl 16M-4 

Wickstrom, LeRov A., 1443 North Hudson Avenue, Chicago 10, 
Illinois 25A-] 

Widener, Jackson Ky., J: 029 Wrightsboro 
Georgia (CA-] 

Widm uer, Cl irles Kx . Ill 
Washington 20, District 

Widoff, Stewart G 
23A-1 

Wiedemer, Jack, The Gibson Art Company, 2100 Section Road, 
Cincinnati 27, Ohio &M-4 

Wiegmann, Francis L., 8221 Laurel Drive, 
land 42A-2 

Wieland, Robert A., Jr., 725 King Avenue, Marion, Ohio 

Wiese, James A., 423 Van Roen Road, Utica, New York 

Wiese, John M., 880 Lawn Court. Kirkwood 22, Missouri 

Wiesehuegel, Richard E., 1421 Alvin Avenue, 


sylvania 8&9A-2 


1224 Twenty-fourth Street, N.W., Canton 
Omar, San Isidro, Buenos 
Gary, Indiana 
1212 Manchester Avenue, Norfolk, Vir- 
5236 Lanai Street, Long Beach 8, Cali- 
1832 Whitehall Stree 


t, Allentown, Pennsyl- 


44A-2 
Mercer 


Cali- 


Elmira, San Antonio 2, Texas 


5675 Tele- 


{8A-1 


Drive, Richardson, Texas 


William, 941° ‘orktown Drive, St. Louis, Missouri 


‘ Webster Groves 19, Mis- 


toad, Augusta 
3502 Apartment 2, Seventh Street, S.E., 


of Columbia 14A-2 
11822 Cherry Avenue, Inglewood 2, California 


Baltimore 14, Mary- 


0M-3 

85A-2 
16A-2 

Williamsport, Penn- 


March—April, 1960 


Wiesenfeld, W. Warren, P.O. Box 216, Livermore, California 
12A-2 

Wightman, Lester C., Technical Advisor, Hoener Boxes, In- 
corporated, 600 Morgan Street, Keokuk, fowa 0M-3 

Wilbert, Robert E., Eaton Manufacturing Corporation, 739 East 
One Hundred Fortieth Street, Cleveland 10, Ohio 7A-2 

Wilburn, Quentin S., 1366 West Erie, Lorain, Ohio 7A-4 

Wilcox, John D., 1515 Washington Street, Muscatine, Iowa 
46A-2 

Wildensten, Charles K., 462 Kentucky Avenue, Berkeley 7, Cali- 
fornia 12M-4 

Wilder, Guy E., 
92M-4 

Wilding-White, Charles F. B., Rensselaer Polytechnic Institute, 
Troy, New York 0M-3 

Wildman, Sylvan R., Chairman, Standardization, Ordnance 
Weapons Command Headquarters, Rock Island, Illinois 
16M-4 

Wiles, Herman L., Jr., Manager, Metal and Standard Electron 
Tube Division, Hughes Aircraft Company, International Air- 
port Street, P.O. Box 90427, Los Angeles 45, California 
23M-4 

Wiley, Carl R., Osborne Electric Corporation, 712 Southeast 
Hawthorne Boulevard, Portland 14, Oregon 67A-1 

Wilgus, E. Charles, 6229 Ravenswood Drive, Fort Worth 12, 
Texas 10A-1 

Wilhelm, George M., Lumber Division Engineer, Boise Cascade 
Corporation, 13 East Alder Street, Walla Walla, Washington 
0A-1 

Wilhelm, George M., Lumber Division Engineer, Boise Cascade 
Corporation, 113 East Alder Street, Walla Wala, Washington 
0A-1 

Wilhide, Warren E., 4406 Kathland Avenue, Baltimore 7, Mary- 
land 42A-2 

Wilhoite, Richard N., Mueller Company, 2501 Chestnut Street, 
Chattanooga 1, Tennessee 54A-2 

Wilk, Ralph M., 2330 Euclid Heights Boulevard, Cleveland 
Heights 6, Ohio 7A-2 

Wilkes, J. Wray, Department of Industrial Engineering, University 
of Arkansas, Fayetteville, Arkansas 84A-1 

Wilker, Stanley J., 13 Bayside Drive, Great Neck, New York 
86A-2 

Wilkerson, Harold W., 3936 Florac Avenue, LaVerne, California 
78A-2 

Wilkie, George S 
96A-1 

Wilkie, James H., Box 452, Brevard, North Carolina 83A-2 

Wilkie, Thomas R., Jr., 962 Watauga Street, Kingsport, Tennessee 
17 A-1 

Wilkinson, Harry, North Electric Company, 553 South Market, 
Galion, Ohio 1M-4 

Will, Francis C., 1558 Douglas Road, Wickliffe, Ohio 7AF-4 

Will, George H., R.D. 1, Sayre, Pennsylvania 48A-] 

Willett, Alfred N., Ware Point Road, West Brookfield, Massachu- 
setts 94M-4 

Williams, Alfred S., Sr., 
79A-2 

Williams, Bobby F., 601% Fairview Avenue, Kingsport, Tennes- 
see 17 A-1 

Williams, Charles F., 30 Oregon Avenue, Newark, Ohio 

Williams, Donnie J., 3 Poplar Street, Rome, Georgia 93A-2 

Williams, E. D., 1141 Nome Street, Denver 8, Colorado 32M-3 

Williams, Earl L., 624 Broadview Street, Anaheim, California 
23A-1 

Williams, Eugene L., Jr., General Telegraph Company of Florida, 
P.O. Box 11328, St. Petersburg 33, Florida 91A-2 

Williams, Frank H., 11139 East Rineon Drive, Whittier, California 
23M-4 

Williams, Franklin T., 1521 West Philadelphia Street, York, Penn- 
sylvania 72AF-4 

Williams, G. Bretnell, 531 Kimberley, Birmingham, Michigan 
47 A-2 

Willams, Henry R., P.O. Box 401, Old Fort, North Carolina 
83AF-4 

Williams, Herbert H., 189 Hurley Avenue, Apartment 8, Kingston, 
New York 76A-2 


1120 South Fourth Street, Atchison, Kansas 


, 518 Verna Drive, Johnson City, New York 


2521 Farnell Drive, Mobile, Alabama 


1AF-4 
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Williams, Jack C., Vickers, Incorporated, 1801 North Eleventh 
Street, Omaha, Nebraska 90A-2 

Williams, James A., Wyandotte Chemical Corporation, 1609 
Biddle Avenue, Wyandotte, Michigan 47A-2 

Williams, James I., 11725 Darlington Avenue, Apartment 2, Los 
Angeles 49, California 23A-] 

Williams, John R., 3512 Imperial Way, Sacramento 20, California 
43A-2 

Williams, Lester R., 425 Eastwood Drive, Fort Worth 7, Texas 
10A-1 

Williams, Loren T., 4661 Driftwood Court, El Sobrante, California 
12A-2 

Williams, Norman C., 
Canada 87A-1 

Williams, Paul F., 3515 Massachusetts Street, Seattle 44, Washing- 
ton 20A-2 

Williams, Richard E., Stagecoach Road, R.R. 8, Kingsport, Ten- 

17 A-3 

Williams, Robert J., Department of Mechanical engineering, Uni- 
versity of Colorado, Boulder, Colorado 32M-3 

Wiliams, Ronald J., 2010 Durham, Irving, Texas 

Williams, Roy G., 
16APF-4 

Williams, Sylvester V., University of Omaha, Sixtieth and Dodge 
Streets, Omaha, Nebraska 90A-2 

Williams, Tyler E., Jr., 3414 North Washington Street, Davenport, 
Iowa 46A-2 

Williams, Walter L., 918 Third Avenue, Warner Robins, Georgia 
55A-1 

Williams, William F., 525 South Spring Street, Falls Church, Vir- 
ginia 14A-2 

Williams, William R., 2900 Trade Winds Trail, Orlando, Florida 
27A-2 

Williams, William S., Lynchburg Foundry Company, Lynchburg, 
Virginia 101M-4 

Williamson, Donald E., 330 South Thirteenth East, Pleasant 
Grove, Utah 50A-2 

Williamson, James R., Box 322 Det C (SOD), Aberdeen Proving 
Grounds, Maryland 42A-2 

Williamson, Sylvanus R., 1018 First Street, Lafayette, California 
12A-2 

Willie, Don O., Lark, Utah 50M-4 

Williford, Allen H., 1201 Thirteenth Street, Orange, Texas (0A-1 

Willinger, Lou, 890 Doris Jane Avenue, Fairfield, Ohio &A-2 

Willingham, Sidney D., 1258 Albermarle Avenue, Atlanta 7, 
Georgia 6A-2 

Willis, James D., Olin Mathieson Chemical Corporation, Indus- 
trial Engineering Supervisor, Pisgah Forest, North Carolina 
83M-4 

Willison, John S., 450 Forest Green Drive, Webster Groves 19, 
Missouri 16A-4 

Wills, James A., P.O. Box 284, Monroeville, Alabama 33A-1 

Wills, Robert D., Stevenson, Jordan and Harrison, Incorporated, 
205 West Wacker Drive, Chicago 6, Illinois 25M-4 

Willson, James M., McEvoy Manufacturing Company, Box 3127, 
600 Milby Street, Houston 1, Texas 22A-1 

Willson, N. M., II, 5020 Valley View Road, Minneapolis 24, Min- 
nesota 38A-4 

Wilmes, Robert F., 
23A-3 

Wilmeth, Jo Brice, P.O. Box 7413, Benjamin Franklin Station, 
Washington 4, District of Columbia 14M-4 

Wilsey, Richard W., Box 409, Pilot Rock, Oregon 67A-1 

Wilson, Albro C., Jr., 8 Birchdale Road, Utica, New York 85A-2 

Wilson, Bob O., 1052 Bank Street, Winston-Salem, North Carolina 
21A-2 

Wilson, Bryce, 3926 Leybourne, Toledo, Ohio 36M-4 

Wilson, Carl L., 507 South Second Street, Hamilton, Ohio 0M-3 

Wilson, Earl, Cutter Laboratories, Fourth and Parker Streets, 
Berkeley 10, California 12M-4 

Wilson, Emerson E., 38 Bennett, Binghamton, New York 23M-4 

Wilson, Eugene A., 255 Regent Street, Hampton, Virginia 99A-2 

Wilson, F. Donald, R.F.D. 1, St. Charles, Illinois 25A-1 

Wilson, Frank E., 9825 Fourth Avenue, South, Minneapolis 20, 
Minnesota 38M-4 


25 Robinson Drive, Port Arthur, Ontario, 


hessee 


10A-1 
8733 Evans Lane, Berkeley 34, Missouri 


5085 Catalon, Woodland Hills, California 
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Wilson, Gordon L., The Procter and Gamble Company, Burling- 
ton Street, East, Hamilton, Ontario, Canada 87M-3 

Wilson, Noel Henry, Steel Company of Canada, Limited, Wilcox 
Street, Hamilton, Ontario, Canada 87M-3 

Wilson, Peter, 557 Chapin Street, Ludlow, Massachusetts 94M-4 

Wilson, Ralph, 110 Temple, Oak Ridge, Tennessee 11A-2 

Wilson, Raymond K., 2465 San Antonio Crescent, East, Upland, 
California 78A-2 

Wilson, Richard W., A/O 3098540, AMC Ballistic Missile Center, 
Los Angeles 45, California 23A-1 

Wilson, Robert C., General American Transportation Corporation, 
Box 532, Sharon, Pennsylvania 24M-3 

Wilson, Russell M., 105 Cranford Avenue, Cranford, New Jersey 
61A-2 

Wilson, Stanley L. H., 87 St. Hubert Avenue, Toronto, Ontario, 
Canada 87M-3 

Wilson, Wallace L., 506 Junction Street, Wilmington 5, Delaware 
100A-1 

Wilson, Walter A., 449 Lombardy Drive, Berea, Ohio 7A-2 

Wilson, Warren E., 605 Sixth Avenue, North, Wausau, Wisconsin 
45A-2 

Wilson, William C., Specialist, General Electric, P.O. Box 1400, 
Anniston Tube Plant, Anniston, Alabama 9A-2 

Wilson, William Dexter, Jr., 11 Birchwood Drive, West, Saugerties, 
New York 76M-4 

Wilt, Duane C., Industrial Engineer, Latrobe Steel Company, 
2626 South Ligonier Street, Latrobe, Pennsylvania 3A-1 

Wiltens, Henry C. A., 128 Devin Drive, Moraga, California 
12M-4 

Wilton, Mark L., Lockheed Aircraft Corporation, Marietta, 
Georgia 6M-4 

Wimmert, Robert J., Department of Industrial Engineering, Uni- 
versity of Florida, Gainesville, Florida 27A-4 

Winans, Ronald J., Pepeekeo Sugar Company, Pepeekeo, Hawaii 
0A-1 

Winckler, R. T., 3206 Kaibab Way, Salt Lake City, Utah 50A-2 

Wind, Walter A., 517 Woodland Avenue, Grove City, Pennsyl- 
vania 24M-3 

Windle, Richard L., 967 Joos Avenue, Columbia 24, Ohio 1A-2 

Winegarden, Howard M.., Jr., 4686 Commonwealth Drive, Oakland 
5, California 12M-4 

Winfield, Monroe S., Philco G. and I., Wissahickon and Abbotsford 
Road, Philadelphia, Pennsylvania 31A-2 

Wing, Leland, 5330 Roger Way, Sacramento 19, California 43A-2 

Wingert, Kenneth D., Supervisor Time Study and Methods, 
Temco, Incorporated, Nashville 9, Tennessee 73A-1 

Wingrove, Jack E., 600 East Town Street, Apartment 206, Colum- 
bus 15, Ohio 1A-2 

Winkler, Allen J., National Container Corporation, P.O. Box 1978, 
Oakland 4, California 12AF-3 

Winkler, Carl G., Quarters “D” Building 14, Frankford Arsenal, 
Philadelphia 37, Pennsylvania 31A-2 

Winkler, Clyde T., 130 Iroquois, Evansville 15, Indiana 88A-2 

Winkler, Geoffrey C., c/o Eitel-McCullough, Incorporated, 301 
Industrial Road, San Carlos, California 37A-1 

Winn, William C., R.R. 1, Box 703, Smyrna, Georgia 6A-2 

Winson, Myron, 491 Riverdale Avenue, Yonkers, New York 5A-2 

Winston, Robert L., 319 One Oak Drive, San Antonio 1, Texas 
39M-4 

Winter, J. Monroe, Time Study and Methods Analyst, Motorola 
Incorporated, Box 1417, 8201 East McDowell Road, Scottsdale, 
Arizona 70AF-4 

Winter, Raymond J., 63 Galpin Street, Naugatuck, Connecticut 
97A-2 

Winter, Zay, 433A Hamilton, San Francisco 24, California 12A-2 

Winterbauer, Darrell D., 54351 Twenty-seventh Street, South 
Bend, Indiana (0A-1 

Winters, Charles G., Works Industrial Engineer, Armco Steel Cor- 
poration, Butler, Pennsylvania 3M-3 

Wintersdorff, Frank, 4386 Pacific Highway, San Diego 10, Cali- 
fornia 29M-3 

Winquist, Karl E., 6225 Southwest Nevada Court, Portland 19, 
Oregon 67A-1 

Winzer, W. P., Jr., RR. 8, Box 628, Richmond, Virginia 0M-3 
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Wiper, Robert, F., Apartment 6, Glen Elm Apartments, Glen Elm 
Drive, Pittsburgh 36, Pennsylvania 3A-/ 

Wirt, James H., Bethlehem Steel] Company, 174 Campbell Street, 
Williamsport, Pennsylvania 89A-2 

Wirt, Robert P., Plant Industrial Engineer, DayBrite Lighting In- 
corporated, 5411 Bulwer, St. Louis 7, Missouri 16M-4 

Wise, Mark J., Flexicore Company, Incorporated, P.O. Box 825, 
Dayton 1, Ohio 2M-4 

Wiseman, Joe V., 5825 Davida Drive, Toledo 12, Ohio 36A-2 

Wiskofske, Harry J., 321 Whipple Road, N.W., Canton 8, Ohio 
7M-4 

Witham, Robert C., 417 Westchester Drive, Madison, Tennessee 
73A-1 

Withycombe, Richard P., Industrial Arts Building, Oregon State 
College, Corvallis, Oregon 67A-1 

Witschel, Hans K. R., 10 Hoffman Avenue, Lawrence, Massachu- 
setts 62M-4 

Witsell, Cutler C., 1633 Carolina, Kingsport, Tennessee 17A-3 

Wittersheim, Gerard W., 176 East Emerson Street, Chula Vista, 
California 29AF-3 

Woitas, Edward, 2550 Hilltop Road, Cleveland 21, Ohio 7AF-4 

Wojciechowski, Conrad W., 800 Northwestern Avenue, West La- 
fayette, Indiana 35A-2 

Wolbach, Paul S., 111 Dearborn Place 
13A-2 

Wolf, Henry D., Apartment 3A, 141-30 Eighty-fourth Road, Briar- 
wood, Long Island, New York 5A-2 

Wolf, Jerome L., 1730 Andrews Avenue, Bronx 53, New York 
5A-2 

Wolf, Manuel, Navy Department, Code 731, Bureau of Ships, 
Room 3515, Washington 25, District of Columbia 14A-2 

Wolf, Oswald, 40 Ridge Park Drive, North Arlington, New Jersey 
5M+4 

Wolf, Ralph F., 113 North Plum, Lancaster, Pennsylvania 71A-2 

Wolfberg, Stanley T., 1409 Thayer Avenue, Los Angeles 24, Cali- 
fornia 23M-4 

Wolfe, Erwin L., 3787 West One Hundred Thirty-third Street, 
Cleveland 11, Ohio 7M-4 

Wolfe, Frank H., 5496 Sinclair, Columbus 24, Ohio 1A-4 

Wolfe, Frederick S., 246 Chittenden Avenue, 
1A-2 

Wolfe, Glenn D., A. O. Smith Corporation, 3533 North Twenty- 
‘seventh Street, Milwaukee 1, Wisconsin 45M-4 

Wolfe, Harve W., Seaman-Andwall Corporation, 305 
Twenty-fifth Street, Milwaukee 1, Wisconsin 45A-2 

Wolfe, Harvey, 3333 Clarks Lane, Baltimore 15, Maryland 42A-2 

Wolfe, Raymond W., 941 Crescent Drive, 
47M-4 

Wolff, Arnold, 2190 Southwest Twenty-fourth Street, Miami 45, 
Florida 40A-1 

Wolff, Lucien F., 43 Bateswood Road, Waterbury 12, Connecticut 
97 A-2 

Wolfram, Harold G., 
Delaware 100A-1 

Wollert, Gerald D., Industrial Engineer, Igleheart Brothers, Gen- 
eral Foods Corporation, 1600 First Avenue, Evansville 14, In- 
diana 88AF-4 

Wolski, Albert V., Belmont Postal Station, Downers Grove, IIli- 
nois 25M-4 

Wolski, Edward E., Colgate-Palmolive Company, Box 223, Kansas 
City 41, Missouri 92M-4 

Woltkamp, Clarence G., 726 North Maria Avenue, Redondo 
Beach, California 23A-1 

Woltman, Robert 8., 912 Springer Drive, Griffin, Georgia 6M-4 

Womack, Charles C., Untied States Steel Corporation, 912 Salt 
Spring, Youngstown 1, Ohio 24M-3 

Wong, Thomas E., 860 Astor Street, Astoria, Oregon 67A-1 

Wonn, Fredric A., 5400 Wildwood Way, Citrus Heights, California 
43M-4 

Woo, Warren K., Research Statistician, Jersey Production Re- 
search Company, 1133 North Lewis, Tulsa, Oklahoma 15A-1 

Wood, Darwin L., 1108 Woodmont Road, Gladwyne, Pennsylvania 
31M-4 

Wood, David L., 2301 Grasslyn Avenue, Havertown, Pennsylvania 
31A-2 


, Syracuse 5, New York 


Columbus, Ohio 


North 


Dearborn 7, Michigan 


1211 Pecksniff Road, North, Wilmington 8, 


March—April, 1960 


Wood, F. Stephen A., Hoover Ball and Bearing, 326 East Hoover 
Avenue, Ann Arbor, Michigan 47A-2 

Wood, James M., 3588 Waynoka Avenue, Memphis 11, Tennessee 
28AF-4 

Wood, Johti R., 107 Maple, Northboro, Massachusetts 68A-2 

Wood, Voyle W., 1627 Horn Avenue, Richland, Washington 0M-3 

Wood, William H., 3785 Rockwood Avenue, Memphis 12, Ten- 
nessee 28A-2 

Woodall, Hunter McGuire, Jr., 1922 Sunset Drive, Raleigh, North 
Carolina 66A-1 

Woodbridge, Charles L., 5889 Ironwood, San Bernardino, Cali- 
fornia 78A-2 

Woodring, William B. R.D. 1, Reynoldsville, Pennsylvania 
0A-1 

Woodruff, Curtis Z., 20713 Rodrigues Avenue, Cupertino, Cali- 
fornia 37A-1 

Woods, Quentin T., 14905 Cole Drive, Cambrian Park 24, Cali- 
fornia 37A-1 

Woodward, James H., Denison Engineering Company, 1849 Che- 
shire Bridge Road, N.E., Atlanta 9, Georgia 6A-2 

Woodward, James L., 1819 Fifth Avenue, E., Tuscaloosa, Alabama 
9A-2 

Woodward, Richard H., 96 Haddon Road, Rochester 15, New York 
44M-4 

Woodworth, Frank D., Jr., Jones and Laughlin Steel Corporation, 
New York Ore Division, Star Lake, New York 0M-3 

Woolard, Thomas L., R. R. Donnelley and Sons Company, 350 
East Twenty-second Street, Chicago 16, Illinois 25M-4 

Wooldridge, James N., R.R. 1, Crawfordsville, Indiana 35AF-4 

Wooldridge, William D., Box 7966, Dallas 26, Texas 10M-3 

Woolf, Daniel F., 4409 Ostrom, Lakewood, California 23AF-3 

Woolley, Ellis H., 609 Forty-first Avenue, San Francisco 21, Cali- 
fornia 12M-4 

Woolridge, Lenwood C., 2029 Borden Street, Grenada, Mississippi 
28A-2 

Wooten, Edwin N., Box 55, Covington, Indiana 35A-2 

Word, George L., III, 973 Eulalia Road, Atlanta, Georgia 6A-2 

Worden, Charles P., 27 Wood Lane, Malvern, Pennsylvania 31A-2 

Workman, Edgar M., 206 Albert Road, Syracuse 3, New York 
13M-4 

Worley, Arthur G., 21600 Tracy Avenue, Cleveland 23, Ohio 7A-2 

Worley, Hal G., 255 Knollwood Street, Winston-Salem, North 
Carolina 21M-4 

Worlledge, D. W., 704 Cypress Street, Ravenswood, West Virginia 
O0A-1 

Wormell, Roger D., 6 Doris Court, Northport, New York 86M-4 

Worstell, Donald J., 4016 Beechcreek Road, Columbus 12, Ohio 
1A-2 

Worsfold, Herbert A., Post Road, Sloatsburg, New York 0A-1 

Worth, James J. B., 1025 Westaire Way, Ann Arbor, Michigan 
O0A-1 

Wortman, Richard K., 1400 North Third Street, Arkansas City, 
Kansas 56A-2 

Wosk, Jack, Manufacturing Engineer, Packard Bell, 12333 Olym- 
pic Boulevard, Los Angeles, California 23AF-3 

Wotovich, Thomas D.,°2060 North Lorel, Chicago 39, Illinois 
25A-1 

Woundy, David K., 1 River Street, Newburyport, Massachusetts 
30M-4 

Wozniak, Richard A., 6531 Pemberton Drive, Dallas, Texas 10A-1 

Wray, Donald W., 4211 Alden Drive, Minneapolis 16, Minnesota 
38M-4 

Wray, William E., 8792 Cairo Court, San Diego 12, California 
29M-3 

Wreschnig, Joseph F., 8585 North Fifty-seventh Street, Milwaukee 
23, Wisconsin 45A-2 

Wright, B. C., Union Carbide Chemical Company, P.O. Box 1551, 
Brownsville, Texas 0A-1 

Wright, Dale M., Aerojet-General Corporation, Box 296, Azusa, 
California 78A-2 

Wright, Garth S8., 768 Garden Avenue, Salt Lake City 6, Utah 
50A-2 

Wright, George E., 16700 Citronia Street, Sepulveda, California 
23M-4 
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Wright, George L., Jr., 
26A-1 

Wright, Harry R., 14645 West Congress Street, Brookfield, Wis- 
consin 45AF-4 

Wright, Jack G., 2802-B Delano, Midland, Texas 0A-1 

Wright, James D., 14 Marshall Avenue, Hogansville, Georgia 
OA-] 

Wright, Joseph A., Jr., 
ginia 99A-4 

Wright, Peter, 114 Bellingrath Drive, Fleming Meadows, Hunts- 
ville, Alabama 69A-2 

Wright, Richard C. T., 4417 Burger Avenue, Cleveland 9, Ohio 
7M-4 

Wright, Thomas J., 231 East Prospect Avenue, Mt. Vernon, New 
York 5M-4 

Wroblewski, Edmund A., 1140 Ashland Avenue, Evanston, Illinois 
25A-1 

Wu, James Lawrence, 1986 Nobili Avenue, Santa Clara, California 
37 AF -3 

Wu, Michael T., Apartment 3A2, 1637 Chicago Avenue, Evanston, 
Illinois 25A-] 

Wuichner, John F., 315 Stewart Avenue, Columbus 6, Ohio J1A-2 

Wulff, Horace B., Jr., 1824 Wayside Lane, Sacramento 25, Cali- 
fornia 43M-4 

Wyant, Clyde W., 2820 Northwest Sixty-seventh Street, Okla- 
homa City 16, Oklahoma 57AF-4 

Wycoff, David W., 3621 Lindberg Way, Weirton, West Virginia 
3A-1 

Wyers, Stephen A., 1745 Cherry Street, Denver, Colorado 32A-1 

Wykes, Stanley A., A and M College of Texas, Industria] En- 
gineering Department, College Station, Texas 22M-4 

Wyland, David Charles, 4382 Mackey Avenue, Minneapolis 24, 
Minnesota 38M-4 

Wyman, William H., 306 Hammond Pond Parkway, Chestnut Hill 
67, Massachusetts 30M-4 

Wymer, James M., Republic Steel, Market Street, Youngstown !, 
Ohio 24M-3 

Wynne, Donald T., Jr., 
7M-4 

Wynne, John E., 
0M-3 

Wyss, Byron J., 4610 Smith Street, Ft, Wayne, Indiana 


11D Welwood Drive, Savannah, Georgia 


Box 1301 Warwick, Newport News, Vir- 


3311 Oak Knoll Drive, Cleveland 24, Ohio 
413 Beawar Road, Ajmer, Rajasthan, India 
34A-1 


Yablon, Morris, 812 
0M-3 

Yaeger, Edwin G., Republic Steel Corporation, 1175 South Park 
Avenue, Buffalo 20, New York 49M-3 

‘aklevich, John, Jr.. 144 Homestead Road, Strafford-Wayne, 
Pennsylvania 31M-4 

‘alch, Michael, 220 Universal Road, (Pennsylvania Hills), Pitts- 
burgh 35, Pennsylvania 3A-1 

‘anick, Robert H., 2142 East Warne, St. Louis 7, Missouri 

Yantis, toy N., 
0M-3 

Yard, Roger L., 1050 Rio Lane, Dayton 29, Ohio 2A-2 

Yaron, Teodor, 1210 Bellaire, Denver 20, Colorado 32A-1 

Yeager, Ralph A., Jr., 121 South Sixth Street, Box 466, Independ- 
ence, Kansas (A-3 

Yeaney, Lester A., Special Project Engineer, Rockwell Meters In- 
corporated, P.O. Box 512, Uniontown, Pennsylvania (0A-1 

Yeates, Charles M., Plant Engineer, W. J. Gage Limited, Box 550, 
Scarborough, Toronto, Ontario, Canada 87M-3 

Yelton, Harry R., Mid Valley Supply Company, 3740 Sullivan, 
Ladue 17, Missouri 16A-2 

Yescavage, Edward J., 139 South Third Street, Shamokin, Penn- 
sylvania 8&9A-2 

Yoder, Eugene M., 5621 Sierra Avenue, Richmond 9, California 
12M-4 

Yohannan, Philip H., P.O. Box 262, Guntersville, Alabama 69M-4 

Yoho, Roy D., 714 St. Louis Avenue, Cannelton, Indiana 88A-2 

York, William B., 65 South Seven Hundred Fiftieth, E., Bountiful, 
Utah 50M-4 

Yorty, Myles T., Bethlehem Steel Company, Lebanon, Pennsyl- 
vania 71M-4 


Tenth Street, N., Columbus, Mississippi 


16A-2 
117 Woodlawn Avenue, Union, South Carolina 
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Yost, Frank T., 1000 Allen Street, Montoursville, Pennsylvania 
89A-2 

Yost, Robert M., 1223 Spring Garden Street, Easton, Pennsylvania 
77 A-2 

Youmans, Donald W., 2322 Climbhill Road, Alexandria, Virginia 
14A-2 

Young, Donald B., 1111 West Fifteenth Street, Davenport, Iowa 
16A-2 

Young, George G., Jr., 9 Elizabeth Street, P.O. Box 245, North 
Grafton, Massachusetts 68A-2 

Young, Hewitt H., Associate Professor, Department of Industrial 
Engineering, Purdue University, West Lafayette, Indiana 
35M-4 ’ 

Young, James P., Box 70, Iowa City, lowa (A-1 

Young, Lawrence F., 200 East Two Hundred Fifth Street, New 
York 58, New York 5A-2 

Young, Lester D., 3912 Howard Avenue, Chattanooga 11, Tennes- 
see 54AF-4 

Young, Robert F. 8., Gregg and Son, Incorporated, Nashua, New 
Hampshire 63A-1 

Young, Sheldon E., 5221 Clausen Avenue, Western Springs, Illinois 
25AF-3 

Young, William M., 948 Forest Avenue, Zanesville, Ohio 1A-4 

Young, William R., 397 Clairmont Drive, Pensacola, Florida 
33A-1 

Youngblood, J. M K., 
39M-4 

Younger, Joseph M., c/o Douglas Aircraft Company, Inc., 3929 
AB SQ (7AD-DM), APO 241, New York, New York 0M-3 

Youngerman, R. G., Reynolds Metals Company, 6601 Broad Street, 
Richmond 18, Virginia 18M-3 

Yuen, LeRoy, c/o Publie Utilities Commission, 1311 Kapiolani 
Boulevard, Honolulu, Hawaii 0A-1 

Yurkon, John, R.D. 1, Sharpsville, Pennsylvania 


2621 Cincinnati, San Antonio 1, Texas 


24M-3 


Zaccardi, Albert W., Great Quarter Road, RF.D. 1, 
Hook, Connecticut 82M-4 

Zacher, Richard F., 8010 South Paulina Chicago 20, Illinois 25A-1 

Zahner, John J., 6 South Lake Avenue, Albany, New York (@A-1 

Zahorjan, John, 5431 North Long Island Avenue, Milwaukee 9, 
Wisconsin 15M-4 

Zaklan, Peter, 1517 Forty-second Avenue, 8.W., Seattle 16, Wash- 
ington 20A-4 

Zakrzewski, Chester V., 11867 Patton Avenue, Detroit 28, Michigan 
17M-4 

Zale, Edwin W., 230 Cutler Street, Lawrence, Massachusetts 
62AF-4 

Zale, Stanley F., Link-Belt Company, 300 West Pershing Road, 
Chicago 9, Illinois 25M-4 

Zalewski, Thaddeus, 2765 South Fifty-first Street, Milwaukee 15, 
Wisconsin 45AF-4 - 

Zamblauskas, William W., 1046 Osage Drive, Pittsburgh 35, Penn- 
sylvania 3A-3 

Zangerle, Larry R., 226 Forbes Avenue, Tonawanda, New York 
19 A-1] 

Zanin, Armando, 627 Lake Street, Kent, Ohio 52A-2 

Zarambo, Stanley, Thirty-second Bomb Squadron, Lockbourne 
Air Force Base, Ohio 1A-2 

Zaruba, Harry A., 416 South Seventy-sixth Street, Milwaukee 14, 
Wisconsin 45A-2 

Zelenka, Joseph William, 4030 Bronx Boulevard, Bronx 66, New 
York 5A-2 

Zelios, Demetrius, Pratt Institute, 215 Ryerson Street, Brooklyn 5, 
New York 5M-4 

Zenlea, Seymour, 126 Sprucewood Drive, Levittown, New York 
86A-2 

Zepler, Thomas, 7501 Ridge Boulevard, Brooklyn 9, New York 
5A-2 

Zernick, Martin E., 3647 Mountain View Avenue, Easton, Penn- 
sylvania 77M-4 

Ziders, George I., 394 Arden Road, Pittsburgh 16, Pennsylvania 
3M-3 

Ziegelmeyer, Arthur L., Jr., 2900 Gardenia Drive, Ft. Worth 19, 
Texas 10M-3 


Sandy 
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Ziegler, Eldon W., Deere and Company, 3300 River Drive, Moline, 
Illinois 46M-4 

Ziegler, Roy A., 2074 Palm Avenue 
37 A-1 

Zieke, R. P., 
43M-4 

Ziello, Alfred, 16653 Gledhill, Sepulveda, California 23M-4 

Zimmer, Hans R., 237 Ridgemont Drive, Rochester 15, New York 
14A-2 

Zimmerman, Arthur R., 24 Jameswell Road, Wethersfield 9, Con- 
necticut 75A-2 

Zimmerman, Glenn, 5822 Bolton Court, N.A-2, Indianapolis 19, 
Indiana 65A-2 

Zimmerman, Joel, 120 Morristown Road, Elizabeth 3, New Jersey 
61M-4 

Zimmerman, Milton 4.. 87 Elmhurst toad, Newton, Massachu- 
setts 30 A-2 

Zimmerman, Richard F., 3818 Meadow Lake, 
22A-1 

Zimmerman, Steven M., 175 Maple Avenue, 
New York &6A-2 

Zinchak, John R., 49 South Chester Pike, Glenolden, Pennsylvania 
31A-2 

Zinni, Joseph C., 4 Highland Park, Batavia, New York 44M-4 

Zinsius, Frank E., H. J. Scheirich Company, 4460 Louisville Ave- 
nue, Louisville 9, Kentucky J8&AF-3 

Zirges, Glen G., 15504 Pescados Drive, La Mirada, California 
23A-3 


fedwood City, California 


2712 Cabernet Way, Rancho Cordova, California 


Pas ice na, Tex is 


Rockville Centre, 


Zirkle, Samuel E., American Sterilizer Company, 2424 West 
Twenty-third Street, Erie, Pennsylvania 51M-4 

Zirn, B. Howard, c/o Continental Can Company, Incorporated, 
135 South LaSalle Street, Chicago 3, Illinois 25A-3 

Zoller, Robert D., R.R. 4, Valparaiso, Indiana 53A-1 

Zook, John E., Voit Rubber Corporation, 1600 East Twenty-fifth 
Street, Los Angeles, California 23M-4 

Zorrilla-Vazquez, Emilio M., Industrial Engineering Department, 
Georgia Institute of Technology, Atlanta, Georgia 6A-2 

Zozom, Joseph, 289 Delmar Avenue, Chula Vista, California 
29A-1 

Zschiesche, Edward R., 542 East Broad Street, Tamaqua, Penn- 
sylvania 89A-2 

Zsuffa, Leslie F., Chief Regional Engineer, United States P.O. 
Department, 404 New Post Office Building, Atlanta 3, Georgia 
6M-4 

Zubersky, Joseph J., 4337 Kentucky Street, Gary, Indiana 53M-3 

Zuehlke, Edmund O., 11600 South Burley Avenue, Chicago, II- 
linois 25M-4 

Zunzer, Andrew C., 85 Pine Lake Drive, N.W., Atlanta 5, Georgia 
6M-4 

Zuzunaga. Alfonso P., Hotel Junin, La Oroya, Peru, South America 
OAF-3 

Zweier, Paul, 1413 Millerdale Road, Columbus 9, Ohio 1M-4 

Zwingli, John B., Dollin Corporation, 600 South Twenty-first 
Street, Irvington 11, New Jérsey 61A-2 

Zwirn, Seymour, 331 Magnolia Drive, Kokomo, Indiana 35A-2 

Zychlinski, Lech W. S., Oak Drive, R.D. 4, Dallas, Pennsylvania 
OM-3 
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AT IBM, RAPID RECOGNITION AWAITS those engineers who can 
improve computer manufacturing by applying new advanced tech- 
nological developments. Typical assignments now open include... 


Cost Estimators and Standards Engineers to estimate manufae- 
turing and engineering costs, develop estimating standards and 
write operation sequence sheets for the manufacture of compo- 
nents and subassemblies of complex data processing equipment. 


Quality Engineers to apply modern scientific and statistical en- 
gineering methods in reviewing designs and specifications used 
in the manufacture of advanced electronic computer systems; to 
analyze product specifications in order to generate quality speci- 
fications and design statistical quality-control methods. 


Test Engineers (Electronic) to plan and execute tests for the 
evaluation of electronic computer systems; to test computer sys- 
tems and recommend design and logic changes in order to 
improve system reliability. 


Semiconductor (Process) Engineers to develop manufacturing 
methods and techniques for production of transistors and other 
semiconductor devices. 


FACTURING 


Electromechanical Designers to design high-speed electro- 
mechanical devices. Work involves magnetic circuit analysis, de- 
sign of test circuitry, and vibration analysis. 


Careers available in these related fields: Advanced Automation, 
Industrial Controls and Manufacturing Research and Methods. 


Qualifications: B.S. or M.S. in Industrial, Electrical, or Mechani- 
cal Engineering —or equivalent industrial experience. 


Manufacturing facilities are located in Endicott, Poughkeepsie, 
Kingston, and Owego, N.Y.; Rochester, Minnesota; Burlington, 
Vt.; Lexington, Ky.; and San Jose, California. 

Write, describing background and qualifications, to: 

Manager of Technical Employment 

IBM Corporation, Dept. 5880 

590 Madison Avenue 

New York 22, New York 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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STEVENS RICE 
UNIVERSITY MICROF ILMS 


313 N. FIRST STREET 
ANN ARBOR, MICHIGAN 


. . 
industrial Engineeri RZ is concerned with the design, 
improvement, and installation of integrated systems of men, ma- 


terials and equipment; drawing upon specialized knowledge and 


skill in the mathematical, physical, and social sciences together with 


the prineiples and methods of engineering analysis and design, to 
specify, predict, and evaluate the results to be obtained from such 


systems. 





